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This Birectorate comcurs in tha findings presented in this raport
acd recommonds use of the infermetion comtained herein to enher e
the design and development of fce protection systems for rotary-wing
sircraft.

The main thrust cf this affort was to accurateiy quaatify decigm
criteria for helicopter ice protection systems sed to identify snd
evaluste the most promisiug rotor blade ice protection comcept. Meny
concepts have bosn anslysed, aad the cycliic-alectrothermal concept
was identified as the most p.omising for application to future and
existing Army helicopters.

Although the cyclic-elsctrothermal blade deicing concapt appeers to be
‘e most feasible for applicatiom to helicopter rot~r Slades tn the
nsar future, the peanltiss for ice protection are significaat. Addi-
tiomally, this deicing comcapt hes been subdjectasd only to limited
simulated icing toste. Although thie flight testing was sdeguate to
demonstrate comncept feasidiility, addicions) simulated and matural ice
testing is meadaCory to fimalize systam control parametsrs smd to re-
solve problem ateas  dentifiad to date.

This directorate ¥ill continue imvestigation of {ce protection con-
capts that show promise of minisdsing syscem penaltige.

The lrojoct Bngineer for this effort wvas Richard 1. Adams of the
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SUMMARY

The work which aaf been accomplished under this progras i{s reported in
tvo volumzs, The firsi volume, Deasign Criteria and Technology Consid-
erations, discusses (1) icing severity level analysis and recommended
design criteris, {2) adverse weather proutection technology, {3) a trade-
off compariscn of different types of ice protection systems for various
categories of helicoptevs, and (k) a technulogy development progrem for
an advanced electrotherma deicing system. This volume, Tce Protection
System Application to the UN-1N Helicopter, describes the applicetion of
the recommsnded electrothermal deicing system to a UH-1H test aircraft.
It provides a detailed description of the modifications to the trsic air-
craft (including tha flight test instrumentation) and tr: resu.ts =f the
ground and flight test program for that aircreft conducted in the winter
of 19Th-TS

Meteorologicil Sesigr criteris are provided for fressing rain and
drizzie, snow, and supercooied aroplets (icing). Tt is shown that the
minimum (99th percentile criterion) temperature for freesing rain is
1’001', that the 1.quid water cont-nt does not exceed 0,37 gre i per

cubic meter and that the dropl:t diameter renges from 400 to 1200 microns.
Tie 99th percentile snowfall criterion runges from 1.6 grams per cubic
meter at 15°F to 2.1 grams per cubic meter at 35°1". It is re;ommended
that the axisting FAA (and equivalent military specification) be used

for the severity of supercooled droplets under continuous meximum icing

conditions and that the 99th percentile severi’ s be used for intermittent
maximm ~onditions.

The technology review focuses upon protection against supercooled
clouds, the normal {cing problem. It 1s shown that protection sgainst
freezing railn is not Justified and that snow can be accommodated by

| .
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prope: basic deafgn with negligible penalty. ‘the principal emphasis
in technology fa on main and tal; rotor blade protection. It s con-
~luded ‘hat electrothermal cyclic telcing offers the beat aolution for
existing and future hellcojpters and that the :sme ba:ic desfpyn I
suitable for both all-metal and composfte blade corstructfon, It ia
shown that the most critical problem with the electrothermal system

{s obtaining a reliable blade heater assembly, and this hes been den-
ticied as the key development task. The timer/controller/power
distribution subsystem recommended for use with the cyclic d=icing
asystem 18 a hybrid soli?-state/electiromechanical design incorporating

extensgive eclectrical fault sensing and protection.

Frotection requirements for engine inlets, windshields, radomes,

fl4{ght prober, and weapons aid sensors ave also discussed, end the
stete of the art of {ice detectors and sewrity iewel {nstrumentation

is Cefined. IEngine inlet protection ir highly dependent upon the

inlet des?!v1, and 1t {s shown that several existing - sigrs spparently
do not reyuire a protection system., Windshield proiection utilizing
electrical ant{-icing by a tramsparent conductive film 13 recommended.
The need fcr redome ice vwrotection depends upon the type of redar
eployed and its locatioi. on the ajircraft, snd often the redar perform-
unce punalties associated wvith un ice protectior system exceed the
penslties due to ice. Flight prcbe anti-icing designs are currently
more than satisfactory. The need for weapon system ice protection
needs to bde experimwntally evaluate. as there is no available informa-
tion. Sensoi windows, ¢.g.. those of cameras, IR sights, and weapon
sights, need protection when they are subject to icing, but it is shown
that the only feasible method of protection is a cover door or an

engine bleed alr heating system,

A trade—off has been performed for windshield ice protection, and the

results show that the electrical system {3 superior.
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The trade-off analyeis comparsr flve systems of rotor blade toe
protection systems for seven helicopter typer. The Cive system: arce:
the electrothermal ~yclic delcing rya'en, the chemlcal frec-tne potr?
depreasant (aicohol) system, wid three variations of circulating l1igaii
loop anti-icing utilizing engine exhaust gas heat. Welight, performa oo
penalties, r-liability, and production, operating and naintenarce costo
have been developed. In addition, system weight and performance
penalties have h~en evalunted for the aystems for freczing rain requlre-
ments ~s well as supercoo.ed drople’:, and the elrctrotiermal wid
chemical system requirements have also been evaluated ax a fuwnctlon of
icing severity. The rczults show that based v~ ~n vear-arowd penaltie:
and an {cing encounter duration of 1 hour, the chemical fre~-ingy poln?
depressant gystem {s the lightest and chceapest system for al' but the
tvo heaviest helicopter types (with electrothermal system second or
first). If, however, maximur mission time I+ used we the basl: for
calculating year-arowd syatem wx{ght and penaltier, the electrotliermal
deicing system is showvn to have less penalty for hel{copters with a

TOGW in excess of 16,000 b, Based upon performance and logistics

The materials, processex, quality contrels, and structural criteria and
propertiec are descrided for maii and tail rotor deicer heater blankets.
Recoawended materials are descritsd, and {t {s shown that the resulting
structural properties are satisfectory. Flectroformed nickel {s recom-
mended for the erosion slileld, and a stajnloess steel etched foll desia
1s recommended for the heating element. The thixcugh-scan ultrasonic

inspection technique 18 recoemended for bonding verificaticn on the

rotor Yiade as the last production step.

The electrothermal “deicing system which has beer developed and demon~
strated on the UH-1H helicopter requires 13.L hilowa'ts for the main
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rotor blades (two) mud 4 kilowatts for the tail rotor. ..e maln ro'ar
blade {s divided into six spanwise sections for cy2liic delelne, with
the heating sequence from the tip to blade root. Dower densit'y

varies from 10 vatts/in" at the tip to b wattas/in' 1t the root,

The entire tail rotur is delced at 0 uuu:'-/in“. ihe main rotor

yro stabilizer bar and tip weipht i anti-iced (continuously heated
during fcing conditions) at 5 uutts/in“ and requires  kw., he
vindshields are also anti-iced with electpric heat (using u tin oxlide
coating) and rejuire 5.4 kv, A new uc electrical system is installed
using a .'0/30 kva generator. Shis syctem also has the capalility of
rroviding a variable voltayre in accurdance @ith leing severity:

160 wlta (line=to=line) foy llysht teing, 00 volts (the nominal value)

for mcderate icing, and .'30 volts for heavy icing.

The hallcopter underwent 15 hours of airworthiness and electrical
systens flight testing at Edwards Alr borce Bese, Californin, and

15 hours at Mores Lake, Washington, behind the CH=UT Helicopter lcing
Spray System (HISU). A total of 35 f£light hours and 19 grouud
frervaft . A1l structural loads
measured were found to be within limits, and afreraft hauading
qualities were better *han thoge for the basic aircarft (reduced

maln rotor boost=oft control force requirements).

Icing tests behind the tanker were mude at arblent tempeiatures as

low as =L°F and at liquid water contonts up to 0.7H9 gram ner cublc
metcer. Complete ghedding of the ifce from the main rotor blade was
observed at temperature. Jdown to *SOF. but shedding was reported to

be incomplete inboard of station 83 (where the doublers stavt) at an
ambient of -L°F. Mo tail rotor icing was observed. Windshield and
stabilizer anti-icing power appeared to be adequate. It is recommended
that further flight testing be conducted tc achieve a greater variety of
conditions: hover behind the Canadian National Research Council Spray

Rig at Ottawa, Ontario, behind the HIGS, and in natural icing.




PREFACE

This program to determine adverse weather protcction requirenents was
conducted by the Lockheed-California Coupany under Contract
DAAJOR-T3<C=-0107 to the Eustis Directo.ate, U3 Arny

Air Mobility Research and Developrent lavoratory (USAAMRDTL) Fort Eustlic,
Virginia,

The prosxan was performed durin; the period 30 June 1973 throwsh 30 Junc
1975. Technical monitorin, of the pro.ect for USAAMIDL was vy
Richard I. Adams.

Tte Lockheed program wes under the technical dircction of J. B, Werier,
Sendor Rescearch and Development Enclicer. Additional Lockheed persornel

i rakine mator technical contrivutions to the proyra: lncluded J. T. Alper:,
e A, Andergorn, H. Carr, R, H, Cotton, M, J. Cronin, A. M. James, R, M,

| Jouston, Je. k. Rhodes, G. M. Ryan, J. ochuddt, K. K, Cchuddt, Vv, S,

Sorensgon, and J, He Vau L'k,

) Sirulated icin, tecte werce conducted by the US Army Aviation Frocineerin,
Flicht Jctivity (USAAEFA), Fdwurds Alr Force Bace, California. Major
techuical contributions were nade by Ma,'. Rovert K. Merrill, Protect

Officer aud Enylrecrin: Test Pilot, Capt. Louis Kronecuierper, Flicht

Test Englneer, and Capt. Leonard Hanks, chace plane pilot and icing test
consultant,
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1.0 INTRODUCTION

The ice protection technology review and trade-off study discussed in
Volume I of this report concluded that the electrothermal cyclic deicirg
system is the cor “ept which should be applied to those helicopters
having missions vhich require all-weather operetion. As part of this
program, therefore, an advanced electrothermal deicing system has been
designed, built, and flight tested on an Army UH-1H aircraft. This
volume describ.s the ice protection system which has been installed,
the other associuted modifications to the aircraft, the instrumentation
and flight test datu acquisition system, the test procedure, and test

results.

Preliminary system design started in January, 1974, and ground testing
of the completed and installed system on the aircraft started at the
contractor's plant in Burbank, California, in December, 19Th. Air-
worthiness and system checkout tests were completed by the contractor
at the Army Aviation Engineering Flight Activity facility at Edwards
Air Force Base on February 28, 1975, and the aircraft was then ferried
to Moses lLeke, Washington for simulated icing tests behind the CH-LT
Helicopter Icing Spray System (HISS). Testing at Moses Lake was
completed on March 31, 1975.

18
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2.0 ICE PROTECTION SYSTEM DESCRIPTION

Figure 1 schematically shows the changes vhich have been made to the
standard aircraft. An electrothermal cyclic deicing system has been
installed on the main and tail rotor bdlades, ! a heating blanket to
provide anti-icing also has been installed over the stabilizer bar arm
and tip veight. In addition,the plastic pilot's and copilot's wind-
shields have been replaced with laminated glass heated windshields,
These additions and changes to the aircraft resulted in the addition
of appropriate ice protection control systems and a new ac generating

system to supply the electrical power demands.

Two differeut types of ice detector (and icing severity) systems and
OAT (outside air temperature) probes slso have been installed to pro-
vide inputs to both cockpit instruments and the main and tail rotor
automatic deicing controller.

No changes were made tc the engine air inlet system, as experience
indicated that engine power has not been affected by ice dbuildups on

4N L | ry - - I rew e . -_a
vie l1ulel screens o1l uvne nN=iI1 Alrcraliv.

The subsections below describe in detail the additions and modifica-

tions which have been made to the aircraft.

2.1 MAIN AND TAIL ROTOR

2.1.1 Main Rotor

The installation of the a2lectrothermal cyclic deicing heaters on the
main rotor blade is shown schematically in Figure 2. Each blade is
divided spanwise into 6 zones; and both blades are powered simultane-
ously so as tc provide symmetrical ice shedding. Heating starts at the
tip (Zone I) and proceeds sequentially inboard to the root (Zone VI).
The upper surface is heated to approximately 12% chord (2.75 inches

e e e i e — i s Al o e s
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back from the leadiny edpre), and the Tower purtnes o hented to

approximately 29% chord (6€.4% {ncher buok Tror the Tewding edie),

The power dennity i wvurled from tip o roct ne alewn 1o Fieure o) und

each zone ugen the aume total power: .7 kw 'tlwde (jor sone),

. A
Pt et

The power variation takes 1nto weconnt he Rinet fo betd
which varifes as the cquare 0 the Vlade wqrion (b tondbre o reduee
the required temperatuve rice outboura) wt tue "eocline offect™ (Wb
heat transfer coefficlﬂnt),whioh varles we the cquare root off the Bl
radius (thus tendaing to tnereace the rate of Lewtitge required outbourt
for a given required tempersture risedl. “he vepilred power U time

and the operation of the blade Jdelctie contrded cycten e ctencrited 1

Section 2,2,

There ave two basic heatiny areas on the ruin rotor: the btasle Vlade
area from rotor station 83 to the t{p (approximately 17 foet) and an
inner section which covers the vroter over the doubler weea (ota. 23 4
sta. 83).

The cross section of the delcor hewter 1r. c1lutton 1 ghow fn Fig=
ure 4, The erosion shield for the cuter 17 feot of tie maln blade is
0.030 inch 1/4 H 301 stainless ateel, and *bho ercolon chicld for the
inner 5 feet (the doubler ares) i 0.01¢ froh “OTSC wluminum,  The
blade heater consists of an erosfon shield, an epoxy flberglacs H{elec-
tric layer between the ercsicn shield and i Leater olement (which is
of etched foil made from 0,005 inch stalnlear usteel), and Inter fibora
glass epoxy layers., The existling statnleas cteel and ccbalt eroacior
shield is removed from the blade In order to minimize the blaje welght
change. The blade is then built btackh to contour with a fibergtaas
epoxy layer filler., The complete defcer broot ercsion shield ausenbly
is then bonded to the existing filler built—up blale,
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SROSION SHIELD 030 STAINLESS STEEL FON MAIN ROTOR
NICKEL TAPERGD FAOM 0.030 AT LEADING EDGE TO 0.010
AT AFY R0GE FOR TAIL AOTOR

i
H
i
i

GLADE
STRUCTUNE

0.010-INSULATION
0.008 HEATER RIDBON
0.035 INSULATION

CROSE SECTION

et % e o i . o M ittt . B e

‘f NOTE: ALL DIMENSIONS IN INCHES i
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it e e i,

0.050 +0.010 TYP GAP

0197 +J 010 TYP RIBBON

INSTALLATION PATTERN

| Figure 4. Rotor Blade Heater Desium,
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Although the hested area extends back to 12% chord on the upper surface,
the erosion shield extends further aft due to the need to provide area

for the copper braid power feed conductors to the various segments. The

P
j
H
i
3
A
kl

erosion shield extends a constant 6.83 inches back on the lower surface
between stations 288 (blade tip) and 83, the start of the doublers.

The shield extends back a constant 5.20 inches on the upper surface

PRSP T S

between stations 288 and 155 and tapers uniformly back to 6.43 inches

at station 83. The heated area over the doubler is irregular,

The blade hea*er uses three-phase power (at a nominal voltage of
200 volts, live-to-line), ard each phase powers a different spanwise 1

area of each zore, A common copper braid ground return is used on the {

lower surface behind the heated area but under the erosion shield.

Since the boot basically extends almost 0.090 inch outside the

existing blade contour, a fiberglass fairing is provided behind the

p erosion shield. This extends back approximately 1 inch.

Power leads extend out of the deicer buct in straps at the inbtoard end

and then terminate in waterproof connectors fir eclle assemblies leading

ottt Mt . . xih e s s

into a power distribution stepper switch on top of the rotor mast,

A

The stepper switch provides the cycling to the six zones, so only four

power leads need to go through the sliprings and then into the fuselage

through a hollow tube in the center of the transmission shaft. The

5

slipring assembly housing (Figure 5) contains not only the sliprings
but instrumentation components (page 46) and the mounting for a camera
which was used for obtaining inflight motior pictures of one rotor

blade. A tota. of 24 sliprings were pruvided on the main rotor to

provide for rotor deicing (4), s*abilizer bar anti-icing (2), cavera :

operation (6), and instrumentation (12).

25
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q 2.1,2 Tail Rotor

The tail rotor deicer boot and ‘nner fill layers are similar to that of
the main rotor. On the tail rotor, only the basic blade has =

o a s o

deicer heater; ther= is no deicing coverage for the inboard

R a—

doubler area. The erosion shield is electroformed nickel tapered
from 0.030 inch at the leading edge to 0.010 inch at the trailing

——

edge.

The tail rotor blade heated area extends from stations 20.68 to sta-
tion S50. Protection extends aft to 10% chord on the "outboard"
surface (1 inch) and to 25% chord on the "inboard" surface (2.3
inches). The erosion shield, however, actualiy extends aft 2 inches

on the "outboard" surface and 3.05 inches on the inboard surface and

{ spanwise to the tip (station 51). As on the main rotor blades, an

o Ao - A+ il DMt o M

aerodynamic fairing evtends behind the erosion shield. :

Since the heated :rea on the tail rotor is smaller than a zone on the
main rotor, the entire tail rotor is deiced as an entity, at a uniform
nominal power intensity of 20 vatts/ing a. cuu val. Thus, no stepper

switch is required for the tail rotor.

Figure 6 shows the tail rotor slipring assembly. It contains L power 1

and 12 instrumentation rings.

5 Wikt kel

j 2.1.3 Stabilizer Bar

The stabilizer bar is continuously heated during icing to provide an
anti-icing capability, &t 5 watts per square inch (Figure 7). Control
of the stabilizer and the counterweight heaters is again from the

pilot's control panel, and the switch is normally ON., Unlike the main
and tail rotor elements which are three phase, the stabilizer heater

is single phase - connected across one pair of lines of the three-phase
ac system., Separate sliprings in the main rotor mast and circuit

breakers are used for the stabilizer bar.

E 26




e e et

Figure 5. Main Rotor Slipring Assembly.

L) 82

Figure 6. Tail Rotor ‘lipring Assembly.
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2.2 ELECTRICAL DESCRIPTION !

As noted in Section 2.1, the main rotor blade ix divided into six
heated areas or rones, each drawing equal power. The power demand of
the main rotor is approximately 13.2 kva under moderate /200 Vac)
icing conditions. The tail rotor blades, as mentioned previously,

are deiced simultansously. Their normal pover demand is approximately
4.0 kva (moderate icing). Additional ac electrical loads on the air-
craft are the stubilizer bar (3 kva approximate) and the two hegted
vindshields. The windshield load is 5.2 kva, bringing the total anti/
deicing peak load (at 200 v) to approximately 25.k kva. The systems
can also be used at 160 volts or 230 volts, as discussed below, with
corresponding total power requirement of 16.3 kv or 33.6 kv, respectively.

2.2,1 Power Generation Systea

Since the basic UH-1H is equippéd with only two 28-volt, 300-amp, dc
generstors (one a starter-generator), a new 20/30 kva ac generstor is
Useéd {0 meet the new icing loads and other electrical loeds in the
helicopter. The generator selected is a Bendix model 28823-15. It is
oce of a fev machines that fits on the 5 inch bolt circle pad of the dc
gererator and wvhich aiso operstes at the seme nominal Arive speed of
6600 rpm. TFor reliability reasons, a brushless contiguration of this
i generator is used. While the generator is designed to use blast-air i
cooling, it is operated in the UH-1N with a self-cooled internal fan 1
b
1
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since the gencrator is desigred to operate with 120°% cooling air.

The nev three-phase 200/115-volt ac generstor is installed st the

12 o'clock position on the transmission pad. The pad is normally

occupied by a 28-volt dc 300-emp generator. Because of this substi- i
tution, the available redundant dc power generation capability would have
been deleted from the wehicle. Thus, another modification of the UH-1H

T YA A




L_“-*—m“.m“._ -

basic power system consisted of the installation of a 28-volt, 200-amp,
transformer rectifier (T/R) unit. This unit is located on top of the
fuselage next {o the ac generator and under the movable cowling, as
shown in Figure 8.

The dc system has been rewvired to muke the starter generator the
primary generator (instead of the standby generator vhich it is in the
basic vehicle), With this change, the transformer-rectifier unit now
operates as the standby dc system,

All new electrical cosponents and items associated with the ice protec-
tion system have been located in the electrical load center except for
the control panels in the cockpit and a power stepper switch located

on the main rotor head assembly (for distriduting pover sequentially

to the six main rotor heating zones). The losd-center components include
circuit breskers, relays, ac deicer power relay box, voltage regulators,
terminal strips, etc. All these have been inatalled with a minimum of
change to the basic layvut of the existing components. Also located

in this area is a nev three-phase external ac pover receptacle to
permit checkout of the ice protection system on the ground without
running the engine.

2.2.2 System Operation and Control

Control of the deicing system is accomplished from two panels mounted
at the aft end of the control pedestal in the cockpit. These panels
(Figure 9) are known as the pilot's control panel and the deicing
control panel. Functionally, all control resides in these two units.
The pilot's control panel establishes the operational mode of the
system (and monitors its performance), while the controller acts

as an automatic processor, accepting the pilot's data inputs and those
of the OAT (outside air temperature) and LWC (1iquid water content)
sensor systems,

!
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Figure &. AC Genersior and Trensformer Rectifier Inetallation.
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b. DE'CING CONTROL PANEL.

s, HLOT'S CONTROL PANEL.

Figure 9. Ice Protection Control Fanels.
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The deicing control system has two cperational modes: automatic and
semiautomatic. These are selectable by the pilot, and the only diffeér-
ence between the two is that the deicing schedule for the system in
the "semiauio” mode is controlled manually. To do this, the pilot uses
the information displayed on the OAT and LWC instruments and opervates
the OAT and LWC controls which are in juxtaposition with them. The
necessary ON/OFF times are scheduled by the controller (even in the
"gemiauto” position). In the "auto" position the deicing schedule is
established directly by the outside environment sensor system (outside
air temperature and icing severity). In the "auto"” position, the OAT
selector switch and the icing severity selector switch have no effect
on the performance of the leicing system. The instruments, however,

continue to display the outside icing environment,

Operationally, the system is designed to require minimum attention by
the flight crew, All switches could typically be in tha position shown
in Figure 8. With the exception of the "external power switch," all
switches would normally be in the pqaition shown (ON). A master power
switch located in the lower right corner of the deicing control paunel

has control over all dc pover to the sensors and to the controller/
processor system.

The system is adaptive to the deicing environment {n such a way that
the power density (watts/inz) applied to the heaters is proportional
to tlie icing severity: the lower the icing severity, the lower the
power dencity applied to the heater elements, Conversely, the
heavier the icing environment, the higher the power density. This
method of changing the watts/in2 is effected by chenging the voltage
produced by the ac generator. The purpose of this type of control
is to prese. e the 1ife of the generator by subjecting it to the
high loading conditions only when the helicopter is flying in heavy
#jicing ccnditions, The life of the generator (aside from besrings,

#See Volume 1 for definition of icing severity levels.
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etc.) 1s related to the average (root-mean-square) heating of the
insulation system. Operating the generator in th.s manner will

liwer the average temperature of the windings and substantially extend
the life of the generator as well as minimize the torque loading on

——

the transmisaion pad.

While sn infinitely variable voltage control would aave bteen more
desirable, it would have been more complex, so three fixed voltage
levels are used. These relate to the varying icing severity conditions
as follows:

IcinLCpndigionf Voltage
Heavy 230 v (1ine-to~line) |
| Moderate 200 v (line~to-line) 1
Light 160 v (1line-to-line) {

e am

These voltages give a pover range of 2:1 from light to heavy icing
econditions. When the voltage/power intensity levels change, it is i
also necessary that related changes be made to the "heater-on" pericds. {
The ON-time is basically determined by the temperature differential 1
belov freezing and is proportional to it (the lower the outside air

temperature, the longer the Ol-time). For any condition where the

voltage is increased (wett intensity 1ncreo,ae), the rate of temperature- i
rise at the blade swface alao increases. As a result, for a given

temperature rise requirvement, a shorter ON-time is Hrogrammed at the
higher voltage levels. Tiv cortrelier timing logic operates in such a
wvay that the IWC factor controils ON-time as an inverse-proportion
function of icing severity: the worse the icing severity, the shorter
the required Ci-time, thus permitting fnster cycling. As ice accretes

®As read on ilie penel LWC meter.
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on the blsdes at a rate proportional to the icing severity, it is
beneficial if the cycie time (time to hest all blade elements) is
shortened at the more severe icing conditions. Figures 10 and 11 i

show the matri of JAT versus INC for the different voliage levels

- -

for the mair and the tail rotors, respectively.

Since the ON-time schedule was established by an analytical evaluatjon
of the spectrum of icing conditions, it is possible that some of the
calculated values may differ from actual operating requirements. Three

adjustment controls, therefore (located vertically on the lower right
quadrant of the controller panel), provide a + 50% control of the
ON-time settings. Once these adjustments are made, there will be little

need to use chese controls again, and they would not be required for a
production unit.

Another aspect of the deicing schedule is to provide for an OFF-period
! between each heating cyrle. The OFF period associated with each of

e - e A G e €A o e 4

the three icing severities is set between the following ranges:

l Teing Condition OFF-Period (Min.) ?
Heavy 0.2 - 3.0
Moderate 0.7 - 10.0 \
Light 1.0 - 15.0 1

These adJustaible settings are also lccated on the lower right quadrant 1
of the controller panel, The initial adjustments were get at 2, 5, and 1
14 minutes, respectively.

While the LWC sensor system will detect rapid and frequent changes in
icing conditions, it is undesirable for the generator voltage to fluc-

tuate following these instantaneous sensor responses. To inhibit this,
a "muting” period is built into the controller to insuvre that the

heating parameters do not change oftener than once in § minutes.' The

#®This time interval can be adjusted

i
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Figure 10. Schedule of Main Rotor Power ON-Time,
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Schedule of Tail kotor Power ON-Time,
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control parameters that will be affected by a change in the icing
condition will bve:

@ The voltage level of generator

[ ) The ON-time established for the main and tail rotor heater

elements

® The OFF-period between each cycle (for the main roter)

If, however, the pilot finds that he has entercd a more severe icing

condition than the system has been controlling to, he can use an "update’

control button which is provided on the center of the pilot's control
panel, When this button is pressed, the old tiring cycle will be
immediately terminated; the cycle will return to the "start" position;
the ON periods will be reduced; and the OFF period will be snortened

as appropriate for the icing condition being encountercd.

Separate timing circuits are used for the main and tall rotor. 7Tail
rotor cycling consists simply of sequential ON and OFF pc»lods, with
the OFF perivd beluwg made a muitiple of the ON period. 'This ratio is
established by a three=position selector switch loecateu on the Teft
center of the controller panel. The graduations on the switch are

4, 8, and 32: a selection of "8" would mean that the OFF period on
the tail rotor heater elements would be 8 tires the heater O pericd.
The tail rotor ON periods may be adjusted independently of the main
rotor; these :_50% controls are located in the lower right uadrant of
the controller panel. At the inj%iation of deicing,the main and tail
rotor systems would start simultaneouslys; and sequenc."z would then

devend on the mrin and tail rotor deicing schedules selecucd,

Protection, like the furction of the control system, is individual and
specific to the main and tail rotor systems., Amber fault warning lamps

are located on the top portion of the pilot's control panel in the
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peripheral vision of the pilot. These lights provide indication of
open or short circuits in the main and tail rotor systems. A "ground"
light (top left corner of panel) provides a warning of any line-to-
ground short in the gererator system wiring or in the wiring of the

deicing system itself such as a blade element shorting to ground.

Two OAT and two LWC sensar systems are installed, and these are select-

able from the pilot's control panel. The OAT senscrs arc conventional

{ : resistance wire thermal sensors which furnish data to the controller and
F § to the OAT indicaior. Since both OAT sensors are of the same type, the

only purpose in using two is to provide redundancy. In contrast, the

IWC sensors are of different types, as discussed in Section 2.3.

External ac power is controlled via the pilot's control panel., A mili-~
tary star lard receptacle is used, and an "external nower monitor" is
installed in the locad renter to monitor the quality of the external power
supply connected to the vehicle. If the phase rotation of the voltage

or the frequency is not within prescribed limits, power cannot be

applied to the buses. A lamp located on the control panel (Figure 9)

is used to indicate when ac external power is available to the elec-

trical system.

In considering the electrical control system for the rotor blades,

critical atteution was focused on those safety aspects wherein a
system failure could result in loss of the aircraft. Such a possibility
could arise if an entire blade heat:r assembly were to delaminate in

flight and separate from the rotor {(the resulting dynamic imbalance

? could be catastrophic). One way such an event might occur is as a

F result cf overheating the bl e Jue to excessively long power ON

time.
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Accordingly, a detailed thermal analysis was made in order to establish
the degree of thermal margin in the system. The expected time for
deicing to occvr on the main rotor blade was determined for each of the
six deicing zones and for each of the three voltages. Figure 12 shows
the results o the analysis (for an ambient temperature of 0°F). Deicing
is presumed to occur when the leading edge of the erosion shield reaches
32°F. The sawtooth effact is due to the variation in spanwise heat
transfer coefficient, the kinetic temperature rise, and the variation
in power density for each zone. Near the inboard end of each segment
the kinetic rise is a minimum, and this results in the longest required
time to raise the surface temperature to 32°F for end zone. While

Zone 1 has the lowest power density, it still requires the least power
ON time. Basically, however, the expected deicing time is 13 seconds
at 160 volts, T seconds at 200 volts, and S seconds at 230 volts. This
compares with allowable ON times (from an overheat standpoint) of 22
seconds, 13 seconds, and 8 seconds, respectively. Thus, there is a

satisfactory safety margin available for normal system functioning.

It is to be noted that the required deicing time is based upon tune
highest heat transfer rate (at a given station), which occurs at the
leading edge, and overheat is based upon the minimum heat transfer
coefficient, which occurs approximately one inch aft of the leading

edge on the lower surface. The lowest heat transfer coefficient occurs
at the start of boundary layer transition between laminar and turbulent
flow (assumed to occur at & local Reynolds number of 500,000). Aft of
this location the heat transfer coefficient increases; and forward it is
also higher, being a maximum at the stagnation point. The heat transfer
coefficient also varies spanwise due to the variation of blade welocity
with blade radius. Therefore, a parametric analysis of temperature rise
with heat transfer coefficient, power density (watts/inz). and power ON

time was performed. Figure 13 shows the temperature distribution through
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the heating element assembly and blade for 10 seconds ON after the

5th deicing cycle (100 seconds OFF between cycles). An OFF time of

100 seconds represents the shortest possible OFF time, Multiple

cycles were examined because a "steady state" cycle is generally not
achieved on the first one due to heat storage in the D-gspar. Since the
temperature rise of the system is linear with power density, Figure 13
can be applied for each of the various heating zones along the blade
and for each volt ige by using the correct muitiple of 10 vntts/in2
(i.e., the temperature rise for 20 vatts/in2 is double the value shown).

For design purposes, the overheat criteria which havc been used are a
maximum allowable heater element temperature of 300°F, a blade surface
(D-spar) temperature of 200°F, and the interface bond line {between
the deicer assembly and the fiberglass layup on the blade) temperature
of 200°F. (Note in Figure 13 the very close relstionship between
interface and clad temperature.) To determine maximum permissible
power ON times, an ambient temperature of SOOF vas assumed. The
allowable power ON times for each of the three system voltages

(22 seconds at 160 volts, 13 seconds at 200 volts, and 8 seconds at
230 volts) were established at Zone 6 (in the doubler area). Table 1
shows the critical temperatures on the other zone locations and indi-

cates a substantial margin outboard.

As a final level of protection against overheating, three instrumentation
thermocouples installed on one of the main rotor blades for thermal
measurements (as a part of the experimental UH-1H flight test program)
were used to provide a warning of any blade problem by illuminating a
caution 1light in the cockpit.

The thermocouple blade temperature monitoring system as used in the
UH-1H consisted of the following:
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® Chromel - constantan thermocouple

e Solid state + 32°F reference Junction
® Vector - Aydin Co. low-level VCO

e Vector - Aydin Co, mixer-eamplifier

¢ Discriminator

® Voltage comparator

® Cockpit caution light.

TABLE 1. MAXIMUM SYSTEM TEMPERATURES, °F

—
160 Volts 200 Volts 230 Volts
He;tér" | Heater | Heater
Zone Element | Interface | Element | Interface | Element | Interface
1 799 81 112 86 110 83
2 116 92 131 98 127 91
3 143 111 160 117 155 105
4 165 126 184 13k 172 119
5 195 146 208 151 186 131
6 300 200 300 200 300 200

The output of the VCO mixer-amplifier receiving the thermocouple input
is discriminated by three discriminators which in turn are connected to
a voltage comparator circuit. This circuit performs three functions:
l. Sets and detects the overheat temperature points,
2, Performs a logic "OR" on the four temperature signals, and

3. Drives the caution indicator light.
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The temperature overheat set points are individuslly adjustable from
+125°F to +165°F. Since the thermocouples operate into an "OR" logic
gate circuit, any one of the three thermocouples will provide an

output signal to operate the caution light system when the reference

i
|
5;

temperature is exceeded. Further details of the temperature sensing
system are discussed in Section 3.0.

2.3 HEATED WINDSHIELD

When operating in cold-weather conditions, it is necessary that both
the pilot and copilot have windshield areas that are clear of ice,
frost, or fogging so that flight vision can be maintained. The most
effective means of wmaintaining clear vision is to electrically heat the
critical of the windshield. A laminated gluss windshield having

1 a transparent electrical resistance heating area was selected as the

| - best means of accomplishing this. Compared to plastic, a glass

rodeai i, s aOH e B o ont Bl et A Mmoo

; windshield has much greater heat conductivity and has far superior
k ' resistance to windshield wiper sbresion.

il i e

Each windshield consists of two thin, curved plies of glass laminated

L together with a tough polyvinyl butyral plastic interlayer giving a 3
"safety glass" construction. A resin~-impregnated fiberglass edge

——

retainer is used for mounting the windshield into the helicopter fuse-
lage frame. The windshield is depicted in Figure 14,

The glass plies are made by stacking two sheets of plate glass together }
and heating until slightly soft, at which point they simultaneously sag H
to contour on a curved form to provide a matched fit. The curved glass
panes are cut to size and edge finished. The glass plies are reheated
to approximately 1000°F and rapidly chilled under controlled conditions
to give a tough, semitempered condition. Sheets of polyvinyl butyral

T g By i e e Y NI TR

plastic are placed btween the glass plies. Each glass ply is 0,10 inch
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figure 14, UH-1H Heated Windshield.
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thick, and the polyvinyl butyral is 0.080 inch thick, giving a
total windshield thickness of 0.280 inch. Polyvinyl butyral was
chosen as the laminating interlayer because of its toughness, excellent

!
|
!
1
!
|

bond to glass, and history of good service. The polyvinyl butyral
‘ has strong sdherence to the glass surfaces, and holds the glass frag-
; ments from flying in the event of breakage or projectile penetration.

— o i edamn

A fiberglass-plastic laminate is installed around the edge of the
i glass plies to act as protection for this critical area and to provide
l the structure by which the windshield is installed in the helicopter.
‘ Localized mounting stressec are absorbed by the flexibility of this
i fiberglass-plastic laminate to avoid point loadin, the edge of the

% glass. The laminate is arilled to accept mounting screws.

e il b i il o ki WM Aame A

The UH-1H winashield 1s heated in a rectangular section of 800 square
| inches across the center of the windshield. Under moderate icing

ittt .

\ conditions, the power is at 3.3 watts per square inch, for a total of

2640 watts. The voltage will vary, as it does for the delcing system,
from 160 volts in light icing, to 200 volts in moderate icing, and to 7
230 volts in heavy icing conditions, as determined by the LwC. If rotor 1
blade deicing is turied off, the voltage supplied to the windshields '
will be 160 volts.® This power level is sufficient to melt off ice
wvhen the helicopter lIs parked, or to keep ice from forming in the

P

g e §

heated area during any cold weather conditions that could be encountered.

In addition, the heated area would be defogged during humid weather. To
avoid thermal shock, voltage is automatically applied at 160 volts

for one minute, and then automatically set to the voltage corresponding {

to icing conditions.

®*Except when the T/R is required, at which time the voltage will be 200
Vac,
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Reating is accomplished by a transparent tin oxide film aprlied on the

inside surface of the outer glass ply. The tin oxide film acts as an

electrical resistance heating element, Single phase alternating elec-

trical current is fed through copper braid wires ints thin silver strip ,
e bars along two opposite sides (top and bottm) of the tin oxide film

heating area, and then into the tin oxide film.

The tin oxide (NERA) film resistance is made s0 as to provide a uniform
pover density. Variations from the aversge do occur, however, and
Figure 15 shows a typical power variation over the surface. The power
variations are controlled so that the coldest area will still anti-ice
vwhile the hottest area does not overheat. The heat control sensor

ic located in a region of average power.

Two heat sengors of very fine vire are lsminated into the polyvinyl
butyral interluyer just behind the tin oxide film. The resistance of
the sensors chenges vith temperature so that the control system can
sense when the windshield has reached T8°F and cycle power CN at that
point (OFF at 820!'). Only one sensor is connected, the second iden- '
tical senso is a spare in case of failure of the other gensor. The
control sensor also acts &8 an overtemperature control and will light

s varning light on the pilot's control panel when the windshield reaches
105°F +5°F, and will turn off, and lock out, all power to the affected
windshield. The pilot may restore power by momentarily turning the
control switch off and then on, should the situation require this
action.

The control and power circuits for each windshield are completely sepa~
rate from each other and from the rotor blade deicing aystems. Should
a fault develop in the deicing system, or in one windshield, it will
always be possible to ure at least one panel,
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2.4 ICE DETECTION

Two different ice detector/icing severity meter designs are installed
on top of the cabin area. One is the ultrasonic type and the second 1s
the infrared occlusion type. Both sensors include asplrators using
engine compressor bleed air to induce the ambient cloud across the
detector during hover. The output of either sensor is displayed on

the pilot's control panel through a meter. The detectors are installed
on masts so that the sensors are approximately 12 inches away from the
fuselage. Each of the sc¢nsors requires approximately one-half round
per minute of engine bleed air to operate the aspirator. The principal
venefit of the aspiration is during hover, as there is sufficient ram
airflow across the sensing system during cruise to assure a sensitive

sign-".

The output of the ultrascnic system is a continuous anaiog voltage
vhich is displayed on the meter in terms of T (trace), L (1light),

M (moderate), and H (heavy). The infrared system provides one of
three discrete severity signals corresponding to L, M, or H. (I will
be read with icing irtensities up to the threshold of M, etc.)

Figure 16 shows the installation of the two ice detectors on top of the
fuselage.

2.5 SYSTEM WEIGH1

The weight increase resulting from the installation of all new equip-
ment (excluding flight test instrumentation) and the modifications to
the rotor blade is 279 pounds. The weight of the flight test equip-
ment is 567 pounds, resulting in a total aircraft weight increase for
the test configuration of 846 pounds. The weights of the individual
components comprising the unti/deicing system for the test aircraft are

shown in Table 2.
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Teble 2 shows that 46 pounds is included for main and tail sotor

heater blankets, This weight would normally be adjusted in the

blade belance for s new blade design so as to achieve a zero net

i;
i

blade weight increase. In addition, a weight increase of 34 pounds is
shown for a change to the heated (glass) windshield., Of this increase,

27 pounds is attributable to the change from plastic to glass, and only

7 pounds (for concrols and wiring) is directly attributable to heating
of the (two) windshields.

If the UH-1H were retrofitted with ice protection on a production basis,
the estimated system weights would be as shown in Table 3. A compari-

son of the two tables indicates significant comporent differences for

ST AT, PSP

the mein rotor blades, sliprings, and electrical generating system.

Jpp——

It is postulated that a production blade design would use a tapered

nickel erosion shield on the main rotor blades (from 0.03¢ inch at the

leading edge to 0.010 inch at the trailing edge of the shield) instead

PRpYer 3 SN IS e SRR B e 8

of the 0.03C-inch stainless steel erosion shield on the flight test

aircraft; the slipring weight would be reduced by virtue of eliminating

the rings required for instrumentation; and the electrical generating
system weight could be substantially reduced by utilizing a 12,000-rpm
generator instead of the 6600-rpm machine used for the flight test

program.

et ol ik il -

It is also noted thgt Table ? itemizes the weight effect of deleting
tail rotcr ice protection, a:z flight test experience has shown that the K
; engine exhaust heats the tail sufficiently to prevent tail rotor icing

(ut least with the standard exhaust configuration).
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3.0 FLIGHT TEST INSTRUMENTATION

Provisions for measuring approximately LS parameters were incorporated
into the data acquisition system, as identified in Table 4. Instru-
mentation was installed to measure main snd tail rotor blade loads, rotor
blade surface temperature, electrical system parameters, and basic
aircraft and engine performance parameters. It is to be noted that
Table 4 identifies approximatzly 65 measurement items, but these include
4 spare thermocouples and 4 spare strain gauges on the main rotor blade.
The strain gauge locations were selected so as to provide a correlation
with data obtained on previous UH-1 flight test programs and also to
provide an indication of any potential blade dynamic problem. Collec-
tive handle force was alsc measured to determine the effect of blade

cg shift on boost-off control force requirements. Vibration measure-
merits (accelerameters) were also made to correlate with basic aircraft
dats and to determine iIf a problem exists with new components such

as the ac generator and the main rotor sliprings.

Ieing signals from both the ultrasonic and the i{nfrared ice detectors

were also recorded as well as displayed (one at a time) in the cockpit.
The thermocouple locations were selected on the busis of measuring:

® Maximum blade temperaturcs - in order to previde surveillance
of potential overheat problems. Maximum blade temperatures
(at a given rotor station) should occur at the aft end of the
chordwise laminar boundary layer (the location of minimum
heat transfer coefficient). It was estimated that this
location was approximately 1 inch art of the leading edge

on the lower surface,
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TABLE 4. FLIGHT TEST MEASUREMENT LIST

!
;.
r
!
]

Meas.
No.

Parameter

Where Recorded or Displayed

Scope

S7000
STO0L
ST002

S7003

STOO4

? 57005
; S7006
57010

STO1l

8T012

—
- L YT W P

D6000
D6001
D6002
A3000
A3001
A3003
A3004

A3005

Structural Loads/Vibration

M.R. Flapwise Bending € Sta 35 (R)
M.R. Inplane Bending € Sta 35 (R)
M.R. Flapwise Bending € Sta 150 (R)

M.R. Pitch Link load (Blade
Torsion) (R)

C.P. Collective Handle Force

M.R. Flapwise Bending € Sta 234 (R)
M.R. Inplane Bending € Sta 150 (R)
T.R. Inplane Bending € Sta 11 (R)

T.R. Pitch Link Load (Blade

Torsion) (R)
T.R. Flapwise Bending

€ sta 21.5 (R)
M.R. Index (R)
T.R. Index (R)

Colleciive Handle Position
Pi{lot Sta. Vibration-Vertical
Pilot Sta. Vibration-Lateral
Copilot. Sta. Vibration-Vertical
M.R. Gearbox Vibration-Vertical

M.R. Gearbox Vibration-Lateral

Tape |[Cockpit | A.O.
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
X - -
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TABLE 4. FLIGHT TEST MEASUREMENT LIST (Cont)
Meas. Where Recorded or Displayed
, No. Parameter Tape [Cockpit| A.O. {Scope
k
A3006 |M.R. Gearbox Vibration-Longitudinal X - - -
A3007 |AC Generator Vibration-Vertical X - - -
‘ A3008 |AC Generator Vibration-Lateral X - - -
A3009 |T.R. 90° Gearbox Vibration-Vertical| X - - -
L A3010 |T.R. 90° Gearbox Vibration-Lateral X - - -
. A3012 |C.G. Vertical Acceleration X X - -
; A3013 [Main Rotor Slipring Assy Horisz.
Vidbration X - - -
! A301k [Main Rotor Hub Inplane Vibration X - - -
é Ice Protection System
[]
RB001 |Icing Severity - Ultrasonic X X - -
1
R8002 | Icing Severity - Infrared X X - -
'
: ! TUO000 |Total Air Temp. (Oaxv) X X - -
13
g th0G1 |M.R. Blade Temp € Sta 102
| { € 1" Lower (R) X - - -
H
:( TLOO2 |M.R. Blade Temp € Sta 101.25
| h € T" lLower (R)| x - - -
‘ :
: TLO003 |M.R. Blede Temp € Sta 178
: € 1" Lower (R) X - - -
TLOO4 |M.R. Blade Temp @ Sta 169
€ 6" Lower (R) X - - -
T4LOO5 |M.R. Blade Temp € Sta 83
€ 6" Lower (R)
TL4LOO6 |M.R. Blade Temp @ Sta 82.5
€ 1" Lower (R) X - - L-
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TABLE 4. FLICHT TEST MEASUREMENT LIST (Cont)

. T.—_

- .as Lnere Recorded or Displayed
No. Parameter Tape | Cockpit | A.O. | Scope
T4LOOT {N.R. Blade Temp @ Sta 45

€ 0.5" Lower (R) X - - -
14008 |M.R. Blade Temp € Sta 30 € L.E. (R) X - - -
T4LOLO |T.R. Blede Temp € Sta 35 € 2" L (R) X - - -
Th011l {T.R. Blade Temp @ Sta 22
TO15 |R.H. Windshield Temp(Max Watts/In°) | X - - -
TLO16 |R.H. Windshield Temp (Avg. Watts/ In2) X - - -
TH020 |L.H. Windshield Temp (Max Wutts/In)| X - - -
ThO2L |L.H. Windshield Temp (Avg Watts/InZ) | X - - -
E9019 {M.R. Heater Signal Voltage (Equiv. to

Stepper Out Voltage) X - - -
ES018 |M.R. Heater Controller Output Volts
E9020 | T.R. Heater Controller Output Volts
£9012 | L.H. Windshield Var. Heater Volts

(A-C#) X X - -
E9013 |R.H. Windshield Heater Volts (A-C#) | X - - -
PS001 | Engine Inlet Plenum AP (Avg of 3) X X - -
P5003 | Engine Bleed Press € Aspirator X - - -
TLO26 | AC Generator Cooling Air Out Temp - X - -
TL4028 | DC Generator Cooling Air Out Temp - X - -
TLO29 | Total Air Temp (Rosement) X - X -
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TABLE 4. FLIGHT TEST MEASUREMENT LIST (Cont)

| Meas. Where Recorded .. Displayed !
| No. Parameter Tape | Cockpit | A.O. | Scope 1
i T4030 |AC Generator Cooling Air in Temp - X - - %
' E9001 |AC Cenerator Volts (B-C@) X X - - i
E9003 |AC Generator Current (A@) X X - - |
E9021 |AC Generator Volts (Neut-Structure) X - - - i
Test Condition Parameters g
B2000 |Elapsed Time X X - - 1
B2001 {Airspeed X ] X - 1
{ B2002 |Altitude X . X - i
‘ B2003 |Event Marker X - X - j
B2004 [Hub Camera Burst Counter - X X - ?
B2005 |Civil Time - X X - :
i R80OL |Engine Torque Pressure (AP) - . X - i
R8005 |Rotor RPM/Eng RPM - ™ e - S

i R8006 |Fuel Quantity - " - -
E RB007 N (Gas Generator RPM) - " X - i!
Tho27 |EGT (Sensitive, Digital) - - X - "
Notes: :
(R) = Rotating Meas. i

L: # = Presently ships equipment
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® Minimum blade tempersture - in order to provide information
on the temperature rise required for deicing, as the coldest
chordwise location i» . .. ..+ -y determine the energy required

e P T

for ice removal. The cu'iont area could be ejther the
leading edge or t.:: aft edg2 of the heated arca where the
boundary layer would be expected to be turbulent (high heat

R et e S

transfer coefficient).

R

e Special "problem" areas. There is & 1/h-inch "unheated" arex
on either side of the productinn skin splice at station 83
that could tend to be a potential ice anchor location.

B N

Figure 17 shows the location of the main and tail rotor blade thermocouples.

nre A

e Windshield temperature (both pilot and copilot panels) at ,
locations corresponding to both average power density and
maximum power density. In addition, the thermocouples had

to be located su that they vere out of the area of windshield

CPET I R T

; wiper travel.

it

Also utilized during the program but not shown in Table L were tempera-

ture indicating stickers (templates). Up to 100 at a time were i
installed on the main and tail rotor blade heaters and stabilizer

bar heaters to supplement the thermoconples. These stickers (Fig-

ure 18) indicate the peak temperature experienced during a test and 1
are useful in providing an indication of overheat and for providing addi-
tional information on the heat transfer properties of the ajrstream

over the rotor blades and gyro stabilizer bar.

A 16mm motion picture camera wa. mounted above the main rotor system,

turning with the rotor and bore-sighted along the No. 1, or instrumented,
blade to record ice accretion/ice shedding on that blade. The lens
and automatic exposure ccntrol (AEC) were enclosed in a metal housing

to prctect these parts from the icing enviromment. The lens and AEC

Lttt s e
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viewed the blade through a window which was electrically anti-iced, In

a manner similar to standard aircraft anti-iced windscreens. A temper-

ature sensor, embedded within the glass, provided a temperature signal
to a monitor/control circuit which turned electrical power to the
windov on at 10°C and off at 27°C, thus cyclically heating the unit.
Control and switching logic electronics were also contained within

the lens and AEC protective cover assembly. Figure 19 shows the

camera installation atop the main rotor slipring/instrumentation
housing.

The electrical system parameters were measured primarily for diagnostic

purposes to assist in troubleshooting in the event of system malfunc-
tion.

Engine inlet plenum pressure was measured in order to monitor the
effect of possihle ice buildup on the engine inlet screens,

The primary data acquisition system installed in the aircraft wvas a
lb-track frequency modulation (FM) tape recorder. This was supple-
mented by a small photopanel and added specialized instruments

in the cockpit. Four on-board oscilloscopes were also utilized to
monitor in flight potentially critical main and tail rotor loads in
real time. A block diagram of the complete data acquisition system

is she'm in Figure 20, As shown, the major subassemblies of the data
acquisition system are:

® Main and tail rotor sliprings.

e Proportional bandwidth voltage controlled oscillator (VCO)

chassis and power supply assemblies mounted in the rotating
portion of the main and tail rotor systems,

® A l6rm camera mounted above and rotating with the main rotor

to record ice accretion/ice shedding on one blade.
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® The lh-track FM tape recorder.

PSS

® An 18 hole photorecording automatic observer (A.0.) panel.

i na

The photopanel, scopes, tape recorder and all signal conditioners were
mounted in standard instrumentation racks located in the left and

; right aft cabin portion of the aircraft (Figures C1 and 22).

The data : yuisition system was controlled from a panel, added to the

i 3 it it e Bk

cockpit pedestal, on the left-~-hand side. Mounted with the instrumen-

tation control panel was a time-code generator which provided a digital
readout of elapsed time to the flight crew and an IRIG-~13 format time Y
code for recording on the magnetic tape. Figure 23 shows the installa- 1
tion of the control panel and time.code generator on the forward left-

hand side of the pedestal.

Signals fron the blade sensors were ctransmitted via flexibly mounted

wire runs to the VCC's and thelr associated presmplifiers located on

top of the hub, A small bracket at the rcot end of the rotor blade A
provided a mounting for chromel-constantan thermocouple reference j
Junctions, strain gauge biasing resistors and the blade disconnect plug. E |

The composite VCO output was in turn transmitted via sliprings and wires

to the tape recorder and discriminators. Noise problem effects cn the
signal lines were minimized due to the high level output of the VC(O's.
Power supplies mounted in the rotating systems received their input
power via one slipring pair ard provided 10 volt dc stable excitation

power for the strain gauges and thermocouple reference junctions.

The nonrotating measurements, such as voltages, current, and basic

performance parameters, were fed directly to low level discriminators

via simple L-pad type signal conditioning.

The inflight real-time structural loads monitoring system provided tne

flight crewmember/stress engineer with analog displays of critical

RPTCI Ar  9Y
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Figure 22, Right-Side Data Acquisition Equipment
(Tape Recorder).
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loads measurements. Typically the cathode-ray tubes received their input
signal from strain gauges on the iwain and tail rotor blades and pitch
links, The strain gauge signals were fed through VCO's and sliprings
to discriminators, whence the analog signal was routed to the moritor
scopes. Sweep generators allowed the observer 1o synchronize ascope
csweep rate with rotor blade rpm,enabling him to observe 1P and PP load
excursions and to meke value Judgements relative to safety-of-flight
phenomena. Typically two oscilloscopes were used for each rolor

system. On the main rotor system, flap and chordwise bending at blade
station 35 were displayed Jointly on one screen producing a lissajou
figure, with the second scope displaying pitch 1link load. 7The dis-
criminators for the lissajou pattern were built gs & matched set. The
tail rotor measurements displayed were chordwise bending @ blade
station 11 and pitech 1link load. A fifth oscilloscope originally
intended for vibration (at the c.z.) was never activated since discrimi-
nator space availability was relinquished to the temperature warning
system. A block diagram of ihe real-time inflight monitoring system

is presented in Figure 24.
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L.0 AISWORTHINESS TESTING

The first tests on the modified aircraft were to establish the
airvorthiness of the new configuration and to define an operating enve-
lope. The tests included preflight tiedown testing equivalent to whirl
tests of a new rotor; flight tests evaluating rotor loads, vibration
characteristics, flying qualities; and complete ice protection system
tests in clear air. A tctal of 34.4 operating hours were accumulated on
the rotor blades and the other installed new systems. This included 1%
flights and 15.3 flight hours.

L.,1 GROUND TESTS

Table 5 is e summary of the ground tests of the modified rotor system.
Approximately 10 hours were accumulated prior to the start of flight
testing.

For the rotor whirl tests the complete aircraft was installed in s
fenced-in rotor whirl test area (Figure 25). The aircraft was restrained
through the external sling load attachment point in the vertical force
direction (rotor 1ift) and through a lateral attachment for yaw forces.
Both the vertical and the yaw attachment were made through load cells
with visual readout capability in the cabin. The yaw attachment point

on the aircraft was a specially fabricated form collar surrounding the

tail boom Just forward of the 45-degree gearbox (Figure 26).

The vertical force to the external sling load attachment point was
limited to 4000 pounds by reference to the load cell readout. Lift up
to T0% collective was possible using this method combined with ballasting
the aircraft to a gross weight of 9500 pounds.
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TABLE S. LOG OF PREFLIGHT GROUND TESTS
Date Test | Hours Purpose Comment s

12-12-Th 1 0.1 First run with modified Satisfactorily
tail rotor blades accomplished

12-12-T4 | 2 1.7 Envelope expansion of Satisfactorily
tail rotor accomplished

12-20-Tk 3 0.1 First run vith modified Instrumentation
main rotor blades problems

1-L-75 b 0.5 Envelope expansion of Satisfactorily
main rotor accomplished

1-5-75 5 1.0 Envelope expansion Improved boost-
including boost-off off forces
evaluation

1-7-75 6 2.2 Overspeed tests, ac gen- Satisfactorily
erator tests vs load accomplished

1-8-75 7 L. 3 Rlocked engine air inlet Satisfactorily
and endurance running accomplished

9.9 Total run hours on modified system

T R

gearbox.

; The yaw force on the aft fuselage was maintained within 20 pounds of zero
by varying taeil rotor pedal position during main rotor torque changes.
For full pedal sweeps both left and right, the tail rotor thrust was

measured and reacted by a load cell and yaw restraint at the LS-degree

No difficulty was experienced operating the aircraft over the full rpm

and 1ift runge. Monitoring of structural losds and dynamic characteris-

tics was accomplished through the use of the real-time CRT scopes

installed in the aft cabin area of the aircraft. The aircraft was

manned and the testing conducted by a pilot and a flighi 'est engineer

in the pilot and copilot seats and a structural flight test engineer

T3

and a dynamics engineer in the main cabin where the scopes were located.
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The ground tiedown testing on a preflight rotor qualification program
conslsted of approximately 10 hours of operation. The purpose of this

testing was to verify rotor stability and loads as well as to provide a

reasonable operating background prior to flight testing of the modified

configuration. Both the main and tail rotors were separately tested over

a wide

r.

range of operating conditions. These included:
Engine overspeed to 6900 rpm or almost a 5% margin over normal
flight operating rpm.

Tail rotor thrust over its full range of blade angle travel, and
main rotor thrust up to approximately 13,500 pounds (70% collec=~
tive). This is approximately 1-1/2g of 1lift.

Cyclic and collective pulses to check rotor stability and
damping.

Speed sweeps from engine idle (4500 rpm) to maximum allowsble
overspeed (6900 rpm)

Testing at off-normal rotor rpm (315-338)

Endurance running at high thrust settings.

As previously noted in Section 3 (Table 4), load measurements were made

at the following locations:

Main Rotor
a. Inplane beuliing moment, Sta. 35
b. Flapwise bending moment, Sta. 35
c. Inpla.e bending moment, Sta. 150
d. Flapwise bending moment, Sta. 150
e. Flapwise bending moment, Sta. 23k
f. Pitch 1link axial load

Tail Rotor
€. Inplane bendiag moment, Sta. 11
h  Flapwise bending moment, Sta. 14
i. Pitch link axisl load

T6
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4.1.1 Ground Loads and Dynamics

The main rotor loads measured during ground tests were well within limits,
and all were below the levels measured during the flight tests. For this

i
i
reason the ground measurements for the main rotor are not presented. %

The tail rotor loads measured during the ground tests are presented
because they give a good indication of the transient dynamic response
during tail rotor pedal sweeps., Since the airframe is held in yaw during
the ground test, full pedal sweeps can be made without considering the

effect on aircraft attitudes. The cyclic loads measured during these

three measured cyclic loads presented are below the maximum loads meas-
ured on a standard aircraft in level flight conditions and are also below
the maximum design loads. These data are presented in Figures 30 through 32,
(Unfortunately, directly comparable standard aircraft ground test data

i
{
!
sweeps uare plotted against rpm and are shown in Figures 27 through 29. The |
{
i
]
are not available.) \

Vibration levels at several points on the alrframe were recorded during ‘

rpm sweeps on the vehicle while in the tie down configuration. These
runs were primarily made to identify blade and airframe or airframe com-

ponent naturel frequencies. The sweeps were made at a slow rate, and

po—yy

natural frequencies were identified by noting the frequencies where the

recorded ioads or vibration data reached a peak value in amplitude.

‘ The frequency crossings identified on the main rotor are summarized in i
Table 6, These data were obtained on ground test No. 5. A comparison
of the above frequencies with the predicted frequencies (for the cyclic

or antisymmetric response and for the collective response) shows little

difference. This is true for the 3P and LP frequency crossings at

110 rpm, the SP crossing at 234 rpm and for the 9P crossing at 238 rpm,

which compare within 6 percent of the computed values. The LP apparent
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Figure 27. Tail Rotor Inplane Bending Mment at Station 11 During Ground

Tests With Deicing Boots Installed.
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Figure 28. Tajl Rotor Flap Bending Moment at Station 21.5 During Ground
Tests With Deicing Boots Installed
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TABLE 6. MAIN ROTOR BLADE FREQUENCIES IDENTIFIED
FROM SPEED SWEEPS

Frequency Main

Rotor

CPs P RPM Measurement Comments

11.0 2 220 Flap Bend € Sta, 150 Antisymmetric Mode
14.67 i 220 Flap Bend @ Sta. 150 Collective Mode
19.5 5 234 Pitch 1ink, F150 & F35 Antisymmetric Mode
22.0 Y4 330 Flap Bend @ Sta. 35 Very small response
35.7 9 238 Flap Bend € Sta. 150 Antisymmetric Mode

crossing at 330 rpm, however, does not appear to have eny bearing cn
predicted values. Due to the small indicated response, therefore, and

subsequent flight tests which showed no undue response at 4P in the

i operating rpm range, it is expected that the LP response at 330 rpm was
Lot a true frequency crossing. From these tests, it is concluded that
there are no significant main rotor blade resonances within the operational

rpm range.

The RPM sweeps to identify the tail rotor natural frequencles are shown

} in Table T.
TABLE 7. TAIL ROTOR BLADE FREQUENCIES IDENTIFIED
FROM SPEED SWEEPS
Frequency Tail
Rotor

cps P RPM Measurement Comments

35.4 2 1060 Flap Bend @ Sta. 2L Collective mode

Lbi1.6 2 1250 Inplane Bend € Sta. 11 Hode not identifiablg

55.2 3 1100 Flap Bend € Sta. 2L Antisymmetric mode
118.8 6 1190 Flap Bend & Sta. 2L Collective mode
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The 2P cnllective flap mode frequency at 1060 rpm is within 15 percent
of the predicted value, and the 6P crossing at 1190 rpm is within 9 per-
cent of the predicted frequency. The 2P response at 1250 rpm would
exactly duplicate the analysis if the response were cyclic. The 2P
response, however, is usually collective on a two-bladed rotor, and the

instrumentation did not permit resolution of this question.

The 3P frequency crossing at 1100 rpm was within 20 percent of the
predicted value. As would be expected, the tail rotor frequencies would
be difficult to predict due to the influence of the aft fuselege dynamics.
The test results dc show, hcwever, that the tail rotor is free from

blade resonance within the normal operating speed range.

One additional observation is that during the tiedown test, the maxi-
mum tail rotor oscillatory lrad occurred in chordwise bending at or near
the cyclic inplane natural frequency at nearly a steady-state amplitude.
There was insufficient instrumentation to determine whether the response
was cyclic or colilective. The magnitude of the response was of the
order of 700 tuv 6809 inch-pounds and reached values of up to 1100 inch-

pounds in pedal sweeps and transienv pedal inputs. This is discussed
further in Section 4.2.2.

Several frequency crossings were identified on the airframe, gearboxes
and gccessories during the speed sweeps, and these are summarized in
Table 8. It should be noted that the lowest frequencies would be most
influenced by the tiedown configuration. No effort has been made to
identify the airframe modes excited since sufficient data were not avail-
able, Ko resonances were cbserved within or near the normal operating
speed range during the ground runs and in subsequert flight tests, indi-
cating that the mcdifications made to the gircraft have not adversely

affected the airframe and airframe component dynamic response.
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TABLE 8. ATRFRAME/ACCESSORIES VIBRATION RESPONSE ‘
FREQUENCIES IDENTIFIED FROM SPEED SWEEPS ‘
Frequency g
(cps) Measurement Location ‘1
14, 30.7, T3 Tail Rotor Gearbox Longitudinal Acceleration !
7.2, 13.8, 30.7 Pilot Vertical Acceleration i
7.2, 13.7, 30.7 Copilot Vertical Acceleration i
30.7 Pilot Longitudinal Acceleration
51 Tail Roter Gearbox Lateral Acceleration 3
L2 Generator Vertical Acceleration i
80 Main Rotor Gearbox Lateral Acceleration ;
4s Generator Lateral Acceleration 1
Lt: @2 Tail Rotor 90° Gearbox Vertical Vibration é
. 4,2 FLIGHT TESTS j
]

Table 9 presents a log of the flight tests conducted for airworthiness.
Eleven flights and approximately 11 flight hours were involved.

Filght tests were conducted over the operational speed-gltitude envelope

P

at gross weights and c.g.'s to establish permissible loadings for the

icing test program to cover:

a. Crew loading of four plus some added cargo -- forward c.g.

e i e Wba b

b. Crew loading of four (pilot, copilot and two observers), or

equivalent cargo —-- assumed icing test loading.

c. Crew loading of three (pilot, copilot, and one observer),

or equivalent cargo -- mid c.g.

d. Crew loading of one (pilot only) ~- aft c.g.

| 86
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TABLE 9. LOG OF AIRWORTHINESS FLIGHT TESTS
Date |[Test | Flight | Hours Purpose Comments
1-12-T5 8 1 0.2 |Hover and low-speed Satisfactorily
evaluation accomplished
1-12-75 8 2 0.6 |Sideward and rearward Satisfactorily
flight accouplished
1-13-75 9 - - Deicing system check Satisfactorily
accomplished
1-1b-75 | 10 3 0.6 |Autorotation rpm check Satisfactorily
accomplished
1-17-75 | 11 Yy 1.6 |Envelope expansion at Satisfactorily
mid c.g. accomplished
1-18-75 | 12 5 1.6 |[Maneuvering flight - Satisfactorily
mid c.g. accomplished
1-18-75 | 13 6 0.5 |Low-speed svaluation - Satisfactorily
aft c.g. accomplished
1-18-75 | 13 T 1.5 |Envelope expansio. - Satisfactorily
aft c.g. accomplished
1-19-75 | 14 8 0.4 |Low-speed evaluation - Satisfactorily
forwvard c.g. dccomplished
1-19-75| 1k 9 1.5 |Envelope expansion - Satisfactorily
forwvard c.g. acomplished
1-19=-7T5 | 15 10 1.1 |Envelope expansion - Satisfactorily
10,000 feet - forward accomplished
c.g.
1-20-75 | 16 - - Check run without hub Satisfactorily
camera on. accomplished
1-20-T5 | 17 11 1.2 |Envelope expansion Elec. short
without hub camera; to ground
first inflight experienced in
deicing system oper- wiring to
ation; EMI checks blade heater
10.8 Total airworthinesas flight hours
11 Total number of airworthiness flights

87

4

Uit 2. mile B o et i E et b, Rt i st o TR bt Lo S

e e



CEFSNEEFET ISR T TR ST

e - ioiruiin Sl it e et i N e

The test aircraft was weighed, and the balance was vhecked prior to the

start of the airvorthiness flight testing.

Tabtle 10 defines the welght

and c.g. for each configuration and the assumed icing test loading.

These loadings and the travel of center of gravity with fuel usage are

shown on Figure 33, Also shown on the curves are the stert and end

conditions of each of the airworthiness flights conducted.

Tests

vere conducted to evaluate handling qualities and structural loads/

dy:r.amic characteristics at each of the loadings identified aus Configura-

tion A, C, and D.

Figures 34 through 37 show each of the speed-lcad factor conditions

tested. Noted on the curves are the operating conditions of rotor rpm

and maneuver conducted. The load factor demonstrated is equivalent to

a LS5-degree banked level turn to G0 KCAS, decreasing to a 30-degree

banked level turn at Vmax' This is more than a practical usable maneu-

vering envelope for the UH-1lH aircraft in normal operations. vmax
TABLE 10. AIRCRAFT WEIGHT AND BALANCE SURVEY
Pounds l C.G. Station
Bagic Wei: ht of Test Aircrat't 6199 1441
(UH-1H S/N 70-16318 as
Modified)
Plus Pilot, Engr. Observer and 6661 1414
Aft C.G. Ballast
Plus Full Fuel 8020 143.3 Config. D
Plus Copilot and 1 Observer 8160 139.8 Config. C
Plus Copilot and 2 Observers 8480 137.7 Config. B
Plus Copilot, 2 Observers, and 8825 135.0 Config. A

340 LB.
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demonstrated was equivalent to the published VNE in the Operator's

Hanual(l) Very little if any differénce was noted in the handling/

dynamics characteristics from the basic (ummodified) UH-1H,

Data were obtained at a hover height of approximately 2 to 3 feet and
vere within the hover torquemeter check requirement toclerance of the
maintenance check flight as set forth in the Maintenance Manual(z).
In level flight, data were obtained in the 70 to 90 KCAS range at an
altitude of 5,000 feet, The results reflected scme data scatter and

indicated an increase in equivalent flat plate area of 2 to 5 square

feet when compared with the level flight data presented in Reference (2).

These data sre considered to be semiquantitative since there was

no performance baseline established with the ummodified UH-1H test air-
craft. This drag increase does reflect approximately the increase in
power required of the test aircraft due teo the installation of modified
main and tail motor blades, two sets of external sliprings, a hub

camera, and two roof-mounted ice detectors.

Envelope expansion testing was basically conducted in two parts for

each center of' gravity location tested:

a. Hover and Low-Speed Flight: These tests were conducted from

hover to approximately 50 KCAS at ficld elevation (2,350 feet).

(1) Anon. "Operator's Manual Army Model UH~1D/H Helicopters, TM 55-
1520-210-10, 25 August 19T71.

(2) Anon. "Organizational Maintenance Manual Army Model UH-1D/H
Helicopters; ™ 55-15°0-"10-20, 10 September 1971.
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b. Inflight Tests: These tests were ccnducted at a pressure

altizude cf aprroximately ©,00C fees Crr all cog's testal g
speeds from SC KTaAl to ¥ o AT LT T feet ) fne tests weps
corducted at a c.g. 1coar
cbtained at S,00C feet, Jince no o0 loadinge was ©7und *c te

tical, the tests were conducted at the heaviert normal

The actual ccnditicns evaluated during lrover ani lcwestreei fiignt ani for
irflight testing ave listed in Tablez 11 arnd 1., recpectively. ALl ulire
werthiness tests ir hcver, low-steei, ard forward flirhz were 2uvduicten

ir a buildup fashicn, incremertally ircreasing <le rize of <he crtret
a

irput ir em > axis urtil the respcrnse € the alrcora®t was nmere tial
sufficient <¢c evaluate damping, ccrntrcilatilicy, ani ccrtr:sl marsins.,
Sidevard and rearward flicht characteristics were evaluated uringe «
calibrated pace vehicle *c determine ‘he actual speeds £2r “enfipura-
tions A, T and L. The ccrntirol metion: ard response {n traiaitici arna
the contrcl margins at speeds up tc 30 Kknc*s i: sideward ard rearwarsi
*1ight wre similar tc thcse of a stardard UE-1H Le'iccrter. Autorctaticen
ertries were conducted over a speed rovge from LF ‘¢ appreoximetety

10€ KCAS at 5,000 feet for each c.g. corfiguraizr tes

e
to 90 KCAS at 10,C00 feet, and rotor speed rprm ccntrcl i: autcrctatic

e

was satisfactory at all conditions tes*ed.

The assessment of handling qualities f~w 4¢%e moiified ""H-lH helicopter
vas opased primarily on quaiitstive evaluastion by tre piic* whe received
his familiarization trairing in the standard U'H=1E helicop*cr 2us* prio
to this test program. As part of his *rairing, *he rilo: flew “he care
basic flight cards that were used in envelope expansior testirns of *hLe
modified UH-1H helicopte. (this provided a taseiine for comparizon wi.h
each planned test condition). In areas where the pilo*': commerts ccuiud
be compared with published test data, trends _f contrcl motiocn and
response were verified. The pilot's comme:ts or the modified ccnfiguru-

tion are contained in Section L.Z.Z.
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The load factor - airspeed enveloper presented in Figures 3L through 37
vere also expanded in ar {rcremental manner. The load factors at each
speed were obttafred by peorforminug rollercoaster, windup descending turns,
at. 1 constant=gltitude turns. Nc evidence o® blade :ztall, mas would be
{rdicated by increasing vidbration levels, was reported for any of <he
hieh poslitive lord factor maneuvering conditions. Handling qualities
were also evalumted durlny typical operational flight conditions such as
climbe, powered jeccerntz, nitorotations, power reccverlies, rolling
pillouts, btoost= ff crerat! 1, and jointetoercint reolls. The f£1licht
qualities ari ccrntrol marcins of <he moiifiei "HalH hellicopter are con-
Jilered ¢t be sa*{sfacs:ry cver the tested flight envelores fcor each

weight and center of gravity configuration.

Yeasuremernts were male ‘- evaluate ‘hLe boost=off forces with the modified
blades dus t0 *te relutively high forces of the basic UHe1H and the cor-
cern over the effect of blade c.g. st.ift due 4o the delicer boots. Desigrn
changes were {nocrporated in the modified blades to specifically achieve

equivalent cr lcwer ~ollective forces,

Cclliective hardle fcroe versus ccollective peosition taken ir flight at
70 knets is shewr {: Figures 3% ard 9 for the standard blades and the

medi{fied blades, respec ively, These da*a shcw the folliowing comparison:

Sta:dard Plades Modified Blades

a. Collective Position for 3°% 30%

Zero Force

b. Force Gradient (LB/percent @) 23 1L

¢. Pull Force To Reach 70% 86 1b 57 1b

d. Push Force To Reach 0% T6 1b L2 1v
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COLLECTIVE HANDLE FORCE . L8

Figure 38,

| Sl

W ¢T €0 80 KNOTS 1AS

I\ A1 A L |
o » » « » "
g COLLECTIVE HANOLE POBITION, % 2
2 :
2

Inflight BRoost-Off Collective Force With Standard Blades.
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COLLECTIVE HANDLE FORCE, L8

8D FT @ 80 KNOTS 1A

(g
.ga
>
"3
Figure 39.

Inflight Boost-Off Collective Torce ¥ith Deicer
Boots Installed,
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TRy P T e

Thua, *he 1y chow that the Corce eradlent o rediced wppe xirutely
L0%, ard *here {5 u reduction of the dowr (puch) ferece regqudred *o rewsh
falle 4w collective of a7 (P 7o peurds e boopeurds),  The pull
force o rench T0% ccllective 1o peduced fror 86 pourds *e 57 petaade,

or a W% reducticn. Jince *he maximum practioal pilet {ow offory ceens
to be In the L0 pourd ratyey the pllot alone canntet pouch *o the fulle

dow:. posteton with ccardart tlades,but be ocun witl che nodlflof Ve,

Collective Ly tle £ oroecy aa ghow 1 Flpure Wy Wers Pensured duriee
tledowr. tests,  Thess auta choew arn Interect i, comparicor of the I100%0ra
ernce bterweer proacd and flisht Joudinge, whioch (o the 11 fParer e 10 opre o

oonigg and torque forces,

Mojified Blades »row i T tedown. N1l

a. Url.ertive for Cerc Force ok

(pcanis)

Y. Forze Sradient (1v70:0h) e Th

“he unusual or hysteregis 1oop of tie force vercw pesit’on cirves (0 Qe
o vhe 1ock ard held ayoterm [ tle THalHy wiitol 10 Jerifred o ald beesi-

cff oreratior,

L.l Fligks loads and Dyrarmics

Ail the malr rotor loads measured durins e STt foo e wepe well with is

the loads measured on the standard umodi®ied r or oyoten,  The *all
rcter steady and cyclic loads were differe:nt from *hese moansured on the
standard mircraft (UH=1D) for which data were availabtle. The »epapricon
showed the following relative to standard afrcraf*: (1) in~reace i
rmean chord bending at station 11, () increase in oscillatory cherd
bending at station 11 at & given spered, and (3) equal or slightly lower

flap equivalent bending at station 1.5,

e




Fizure 4O,

COLLECTIVE HANDLE FORCE. LD

Boost-Off Collective Force During Ground Tiedown Test
With Deicing Bootz Installed.
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ince the deicer ingtal.atict has o mase center loraticn whish o
further Forward thee tvat of ¢he cturndard tall rotor and cince Lo bliade
2 slightly heavier, a chatee {1 cteady chord mement fo te be exypecred,
The cyclic moments wouldl alec te expertel to Chalpe bocn e T ofe
slightly lower blals {rplune freguercy. A corplet e Syt e saadyoic we.
made of the highest lomda, wii uwll otpecces were wishin gl wat o
fatlgue limit: exsublinhet £ or ¢te furnmmrr blates, A meview 0 ool
"Hel medel meacupspents vt fthe ocame buo ity orat oy otp o o 0
the UHal”™ an i PH=1M) found that *te oyolic rorencs fnover! o 01000
mareuver: were well ubove th e e vaeg purlnes the deloer tept gl eyt
ervel Fe tescte, The 1 4wl levelis, heref rog wille 3188 0 e e o0,
Stardard VHelH) are cotclisres to be caticofuotory, ThEC I purc e tur
‘rue ne the Tlap romertoy whish ure “de prime Tac i ue o roell oy qm

wu uully ! wer.

The maln v ot flar wn lrpiwne Towdc omndt opiton Tirk Youis € otre

fomard o are pliver Ir Flegres G0 chrcuch S8 These Togds nre Cap )t ocul

.y
'

ue the =11y i uf e Tooutione uare o certiglly oyt e cure Level, The

L3

date for twe mltitudes 100N fons g d 1,000 feet) are precenteld, Mor
comparicon purpaser, *he Towir rmegoured o the ot dard blads are poiver

in Flgures o6, Yp 1, ¢ 058yt &=,

)
.

A direct cverlay cormyar!ico-n ofowe that e LT ey gre Tower v

the {deiced) rclified tlute,

o’
[P

The tall rorop 1oade are chown D Fiedres S0 s e ol (e corparis o

PONEIRY

Farpcoegy level=rliskt Tonids L ctariard airora® are | Low

.t

TV e .
N AN

threueh ). noall surves, & Sol1 Tine 1o drawn botweern the levelef)she

points. The maximum levelefligh* speed ard mareciver tradcient loga
obtaired on the unmodified blade are marked -1 *le firireas AT oyolic

loads are withir the range experienced previoucly.
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wove

MEAN, IN.-LD

Ok AD WEIGHT MOME NT

ALL DATA AT 324 APM EXCEPT FLAGGED : YMBOLS - 318 RPW

O tTamerLigHT GRWT 9420 00, CG. 1334 IN.
O AUTOROTATION EHTRY

(O »LOT FRELCUT, ROLLEACOASTER, WINDUP TURNS, TURNS

O MOHTHOEWARD FLIGHT NOTE  MAX TRANSIENT CYCLIC MOMENT

60 000

40,000 [D LEFT HIOEWARD FLIGHT STANDARD B \DE - 70,080 IN -LD
O REARWARD FLIGKT a
O TRIM ELT
) STANDARD BLADE
2000 208 APW
a 'a) TRIM Q
° — - —
ur NOTE MANX MOMENT
100,000 STANDARD OLADE - 90.000 IN. LD
3. #0,000
g
#,80.000 TAM
STANDARD BLADE
200 APt
40,000
0,000
0

Figure L1, Main Roto: Flap Bending Moment at Station 35 With
Deicing Boot Installed 5,000 Ft, Altitude,
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ALL CATA AT 324 RPM EXCEPT FLAGGED SYMBOLS ~ 318 RPM
O tAamMFLIGHT

—{_ 0\ AUTOROTATION ENTRY
200,000 [ P1LOT FEELOUT, ROLLER COASTER, WINDUP TURNS, TURNS

) MIGHT SIDEWARD FLIGHT

D LEFT SiDEWARD FLIGHT GR. WT. 8420 L8, L.G. 133.4 IN,, 8,000 FT
© REARWARD FLIGHT
160,000
NOTE: MAX TRANSIENT CYCLIC MOMENT
STANDARD BLADE - 330,000 IN.-LD 0 % O
120000 B~ B 0o

O

@ vnimsTanoano

BD [ BUADE 298 RPM
a ﬁ O
A 0O

CYCLIC, In-LB

TRIM
O (.
o 2,
NOTE: MAX MN;-_
STANDARD BLADE =~ 180,000 IN L& O TRIM FLT
STANDARD BLADE
298 APM
O
: g
'
g
|
s
o | I L | 1 | 1.
20 0 60 80 100 120 140

CAS, KT

Figure L2, Main Rotor Inplane Bending Mouent at Station 35 Witn
Deicing Boot Installed - 5,000 Ft, Altitude,
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el i

AR e AT

=t a3

GR WT 8680, C.G. 134.4 IN. 10,000 FT

140

NOTE: MAX TRANSIENT CYCLE MOMENT
STANCARD BLADE = 75,000 IN.-LB
o 40,000 |-
£ a E TRIM STANDARD
g ﬁ O;/ BLADE LOW RPM
Q
5 20000 |~ B E
g TRIM
, 0
s
§ 100,000 F
Q
< NOTE: MAX MOMENT STANDARD
8 o BLADE = 85,000 IN.-LB
S 80,000 }~
¥ -
C =
@
58
-
60,000 |-
28
i
2
40,000 |-
0 (]
-g O o
20,000 |- B_g_g.—-g\
TRIM
@ 0
3 B o G
R u]
g A A
s
ALL DATA AT 324 RPM EXCEPT FLAGGED SYMBOLS = 315 RPM
-20,000 - QO TRIMFLIGHT
/\ AUTOROTATION ENTRY
[ PILOT FEELOUT, TURNS
-40,000 1 1 1 1 | 1 []
] 20 40 60 80 100 120
CAS, KT
Figure 43, Main Rotor Flap Bending Moment at Station 35 With
Deicing Boot Installed - 10,000 Ft. Altitude.
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CYCL.C, IN.-LB

MEAN, IN.-LB

GR WY 8880 L8, C.G. 134.4 IN., 10,000 FT 3
ALL DATA AT 324 RPM EXCEPT FLAGCED SYMBOLS = 315 APW
O TRIMFLIGHT

20,07 /\ AUTOROTATION ENTRY
O eoT FEELOUT, TURNS

NOTE: MAX TRANSIENT CYCLIC MOMENT {
STANDARD BLADE = 390,000 IN.-LS

0 8 a 1
a
120000 |- B O 8

, TRIM STANDARD BLADE
o/ LW AP
90,000 p— a (W 0O O t
o TRIM

40000

(1] _—_—— {
1

NOTE: MAX MOMENT

| STANDARD SLADE = 180,880 IN.-L8

E— |
P

d
A A A |
r—
° M

0 20 © © 20 00 e 0

CAS, KT

Figure i, Main Rotor Inplane Bending Moment at Station 35 With \
Deicing Boot Installed - 10,000 Ft. Altitude, |
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O &rvuan, 240:34G", 6800 R, o 0
@800 LS. 1700 T, C.G. 130.0 IN.
O SYMPULLOUT, 1.70/.83G". 6800 Aem,
0,000 €800 L8, 2500 FT,C.G. 130.0 IN. O
O wisc. mantuvens
e ENVELOPE OF TRIM FLIGNT LOADS

CYCLIC, IN.-LB

MEAN. IN-LD

8

34 APM
~20,000 | i . |
100 120 140

Figure 4S. Main Rotor Flap Bending Momeut at Station 35 With Standard Rrotor.
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CYCLIC, IN-LB

MEAN, IN.-LD

o

320,000
200,000 O
240,000 O SYMPULLOUT. 2.1/.12G", 32¢ nPM

€880 LB, 3200 FT, C.G. 130 IN.

[0 sYMrULLOUT. 1.70/.93G", 324 APM

6880 LS., 2000 FT, C.G. 130 IN.

200,000

0 MISC. MANEUVERS
— ENVELOPE OF TRIM FLIGNT LOADS

O

CAS, KT

Figure k6., Main Rotor Inplane Bending Mament at Station 35

With Standard Rotor.
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CYCLIC. N.-LD

MEAN. IN-LD

ALL DATA ARE X3¢ APM £ XCEPT FLAGGED SYMBOLS = 315 APM
GA WT 0530 L8, C.G. 1334 (., R,000 FT
S—
O wamcruant
A AUTOROTATION ENTRY
0 »LOT FEELOUT. ROLLERCOASTER, MNOUP TURNS, TURNS
O maHT moEwARD FLIGHT
D wurraioeward FUGHT
O AEARWARD ELIGHT

4000 NOTE: MAX TRANBIENT CYCLE
SENDING MOMENT = 15,000 IN.-LB
STANDARD BLADE
TAIM FLT STANDARD
20,000 SLAGE

TRIM

A 1 4 4 —d J
o 2 L) ® 0 00 120
CAS, KT

Pigure 47, Main Rotor Flap Bending Moment at Station 150 With
Deicing Boot Installed - 5,000 Ft. Altitude.
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v —— e S

ALL DATA AAE 330 P8 ENCEPT SLAGORD SYMBOLS - 318 APW
O ™mruant

& auvomoranion ewray

NOTE: MAX TRAMNBIENT CYCLIC BENDING
MOMENT STANDARD BLADE - 10908 WN.-L8
STANDARD SLADE

GR WY 8E0, C.G. 130.4 W, W0.000 FT

050 NOTE: NOT CORRECTED FOR DEAD WEIGHT
MOMENT OF 3000 (N.A8

. | L ! 1 1 J
] ] « L 0 10 20
CAS. KT

Figure 48. Main Rotor Flap Bending Mament at Stat’sn 150 With
Deicing Boot Instelled - 10,000 Ft, Altitude.
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ALL DATA ARE 324 APM EXCEPT FLAGGED SYMEOLS = 318 APM

TRIM FLIGHT {
AUTOROTATION ENTRY

MLOT FEELOUT, ROLLERCOASTER. WINDUP TURNS, TURNS

MIOHT SIDEWARD FLIGHT l
LEFT MIOEWARD FLIGHT

AEARWARD FLIGHT

0qo0Opo

NOTE: MAX TRANBIENT CYCLIC SENDING
; MOMENT STANGARD BLADE = 180,000 1. L8

180,000 [
140,000 GR WT 8420 LB, C.G. 1334 IN,, 5,000 FT

TYCLIC, IN.-LB
g
¥

0,000 1
% 40000 i
z TRIM
: 20,000
i
N
0 V
20,000 1 1 1 i 1 1 j
o 2 © ® ®© 100 120 140

\ CAS, KT

Figure 49, Main Rotor Inplane Bending Moment at Station 150
With Deicing Boot Installed - 5,000 Ft. Altitude.
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-

ISR

MEAN, IN-LS

GRA WY G088, C.G. 1264 N, 10800 FT

ALL DATA ARG 32¢ APM EXCRPT FLAGGED SYMBOLS ~ 318 AP

O rmmeruanT
J\ AUTOROTATION ENTRY
G w»Lor regLOUY, TUNGS

NOTE: MAX TRANSIENT CYCLIC BENOING
MOMENT STANGARD BLADE - 190,000 IN.-LB

Figure 50.

Main Rotor Inplane Bending Moment at Station 150 With
Deicing Boot Installed - 10,000 Ft. Altitude.
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O SYMARLL-OUT 1L.7W/.S0 G, 206 AP, G300 LB, 3000 FT, C.G. 1300 .
O wec mmuem

GNVELOPE OF TR FLIOHT LOADS

Figure 51. Main Rotor Flap Bending Moment at Station 150
With Standard Rotor.
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O symruLL-0UT. 21/.12G". GMIB LB 39 #T, C.0. 130 W0

[ L7 TUAN, 2.99/.40 G". 330 AP, 0I5, 170D FT, C.G. 130 N
Onuc MANEUVERS

ENVELOPS OF THIM FLIONT LOADS

Figure 52,

Hain Rotor Inplane Bending Moment at Station 150
With Standard Rotor,
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ALL DATA ARE 33% APM EXCEPT FLAGOED SYNBOLS = 318 AvM
GP.WY. 0SB LD, CG. 1324 N.. 5000 FY

O rmmruiant
A auroncvanon enTay
MLOT FEELOUT, ROLLEACOASTER, WINOUP TURN, TURNS
8 RIGHT SIDEWARD FLIGHT
O wer moewano rucnr
© REARWARD FLIGNT

TRIM FLT STANDARD SLADE

MELN, LB

C28. KT

Figure 53. Main Rotor Flap Bending Moment at Station 234 With
Deicing Boot Installed - 5,000 Ft. Altitude.
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GR. WY. 8BE8, C.G. 120.4 1N, 10000 BT
ALL DATA ARE X4 PP § XCEPT FLAGORD SYMBOLS - 218 ArM

4\ AUTOROTATION ENTRY
O »uoT resLoUT, TURNS

-

g 20,000 TRIM FLT STAKDARD SLADE

MEAN. IN-LD

0 x 40 @ 0 00 120
CaAs. XY

Figure 54, Main Rotor Flap Bending Moment at Station 234 With
Deicing Boot Installed - 10,000 Ft. Altitude,
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w——— GHVELOPE OF TRIM FLICHT LOADS

Figure 55.

CAS, KT

Main Rotor Flup Bending Moment et Station 234
With Standard Rotor.
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e A —————— H—— .+ P e (A S Sop—

CyCuiC,0L8

MEAN, LB

GA WT 8420 LB, C.G. 1334 1IN, 3,000 FV
ALL DATA ARE 3M RPM EXCEPT FLAGGED SYMBOLS = 218 RPM

O TAMEUGHT

0\ AUTOROTATION ENTRY

O MLOT FEELOUT, ROLLER COASTER, WINDUP TURNS, TURNS
< moHT 31DEWARD FLIGHT

D \RET SHIOEWARD FLIGHT

© MEARWARD FLIGHT

3000 NOTE: MAXIMUM TRANSIENT CVCLIC LOAD
STANDARD BLADE - 480 L8
2000
TRIM
1000
0 —

2000
1000

0
1000 | L [ | 1 L J

° 20 «0 00 %0 100 120 140
CAS, KT

Figure 56. Main Rotor Pitch Link Axial Load With Deicing Poot

Installed - 5,000 Ft. Altitude.
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GR WT 8680, C.G. 134.4 IN., 10,000 FT

ALL DATA ARE 324 RPM EXCEPT FLAGGED SYMBOLS = 315 RPM

‘!’ O LEVELFUGHT
/\ AUTOROTATION ENTRY
[0 eiLOT FEELOUT, TURNS

3,000 r NOTE: MAXIMUM TRANSIENT CYCLE LOAD
STANDARD BLADE - 2450 LB

Q2,000 -

o

pur}

(3]

5

TRIM
1,000 - E % 7/
o ]

# 2,000 g~

[--]

=] TRIM

Z 1,000 3—

<

w - .

: ; E -

o O -
~1.,000 | ] | | 1 | |
0 20 40 60 80 100 120 140
CAS, KT

Figure 57. Main Rotor Piteh Link Axial Load With Deicing Boot
Installed - 10,000 Ft. Altitude.
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CYCLIiC LB

MEAN, LB

a
o
Qo

SYM PULL-OUT, 2.1/.12G”, 324 RPW, 8800 L8, 3200 FT.C.G. 1300 IN.

SYM PULL-OUT DURING AUTOROTATION, 2.4/1.21 G*, 0800 LB, 300 FT, C.G. 1300 IN,

MISC. MANEUVERS

1000

o< °
8
o o

CAS, KT

Figure 58, Main Rotor Pitch Link Axial Loed With
Standard Rotor.

1z2




P

CYCLIC, IN.-LB

MEAN, IN.-LB

FWO

GR.WT. 842008, C.G. 1334IN.

1600 D
0 g g o B
0 A
1200 0
A
- 8 9
o MOTE: MAXIMUM TRANSIENT CYCLIC MOMENT
STUANDARDO BLADE = 2200 IN.-LB
0 1 A 1 i - 1 H
SJ00

A, A
AAA Za)

S ge

ALL DATA ARE 324 RV EXCEPT FLAGGED SYMBOLS = 315 RPM

§
Qo0 mo

1000

O TRMELGHT
J\ AUTOROTATION ENTRY
° [0 »LOT FEELOUT, ROLLERCOASTER, WINDUP TURNS, TURNS
Q RIGHT SIDEWARD FLIGHT
D LEFT SiDEWARD FLIGHT

< REARWARD FUGHT
N A i 1 1 )

) 20 40 a0 20 100 120 140
CAS. KT

Figure 59. Tail Rotor Inplane Bending Moment at Station 11 With

Deicing Boot Installed - 5,000 Ft. Altitude,
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CYCLIC, IN.-L8

MEAN, IN-LB

B e

GR.WT.0000LS.CG. tMAIN.

o B 8
A
O

1600

1200

NOTE: MAXIMUM TRANSIENT CYCLIC MOMENT
STANDARO SLADE = 2200 IN.-L8

ALL DATA ARE 324 APM EXCEPT FLAGGED SYMBOLS = 315 RPM

O T™RmMFuGHT
\ AUTOROTATION ENTRY
] MLOT FEELOUT, TURNS

o
000
A
s A a
TRIM
200
Ja
A A
1000
o 1 1 L 1 1 |
0 2 «0 o® 0 100 120 140

Figure 60, Tail Rotor Inplane Bending Moment at Station 11 With
Deicing Boot Installed -~ 10,000 Ft. Aliitude,
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e e e

GR WT 9420, C.G. 1334 IN,, 5,000 FT

1200
3
2
g e
- g
[a)
A
°
Q TAm FLGHT
+ 000 J\ AUTOROTATION ENTRY
] MLOT FEELOUT, ROLLEACOASTER, WINOUP TURNS. TUANS
O RIGHT HIDEWARD FLIGHT
+1080 D LEFT SIDEWARD FLIGHT
© REARWARD FLIGHT
ALL DATA ARE 32¢ APM EXCEPT FLAGGED SYMOOLS = 315 APM
+1200 + MEAN LOAD IS LEFT PEDAL (POSITIVE BLADE ANGLE)

CAS. KT

Figure 61. Tail Rotor Flap Bending Moment at Station 24 With
Deicing Boot Installed - 5,000 Ft. Altitude,
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GRWT 8880 LS. CG. 134.4 IN,, 10,000 FT
1.200

CYCLIC, iN-L8
: $

ALL DATA ANE 32¢ APM EXCEFT FLAGGED SYMBOLS = 216 RPM
2000 O T™muFLIGHT

\ AUTOROTATION ENTRY
D MLOT FEELOUT, TURNS

-L8
MEAN, IN.

L A
o 2 0 ® ®» 0 120 140
CAS, XT

Figure 62, Tail Rotor Flap Bending Moment at Station 24 With
Deicing Boot Installed - 10,000 Ft, Altitude.
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G® WT 8420 L8, C.G. 133.4 IN., 8,000 FT
ALL DATA ARE 32¢ RPM EXCEPT FLAGGED SYMBOLS - 315 APM
O TamrLGHT
A\ AUTO ROTATION ENTRY 3
3 »LOT FEELOUT, ROLLER COASTER, WINDUP TURNS, TURNS
O MGHT Bi0EWARD FLT.
D LEFT SIDEWARD FLT.
O REARWARD FLT.

CYCLIC, LD
¥

B, g3 o8 i

3 i
z
<
! 0 i
TRIM
()
200 0
i
COMPRESSION 1 I 1 | %
o 20 «© o0 20 100 120 ?
CAS, KT

%
Figure 63. Tail Rotor Pitch Link Axial Load With Deicing !
Boot Installed - 5,000 Ft. Altitude.
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GRWYT S0 LB, C.0. 1344 W, 10800 FT

ALL DATA ARE 22¢ APM EXCEPT FLAGOED SYMBOLS - 315 P
O ™A FLIGHT

A\ AUTOROTATION ENTRY
0 ) »LoT rEELOUT. TURNS

Figurs 64, Tail Rotor Pitch Link Axial Losd With Dei
oot T Tas e 100 Jatiuaan Delcine
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Time histories of main rotor blade loads at 107 knots CAS are shown in
Figure 65. The time histories show the harmonic content of the loads.

A similar set of data for tail rotor pedal sweep inputs and level flight
is shown in Figures 66 and 67.

Tail rotor dynamics were also evaluated during the airworthiness program.
As indicated earlier, the predominant tail rotor chord moment response
measured during the ground run was at or near the inplane natural fre-
quency. Figure 68 is a comparison of time histories of measured chord-
wise bending moment response at three different rirspeeds: hover, 50 KCAS,
and 101 KCAS. It is seen that these data still exhibit some response at
the inplane natural frequency of approximately 1.6P to 1.TP, but the
respor.se is predominantly 1P with some 2P. The source of the response

at the 1.6 tc 1.TP frequency has not been identified. However, there

was no apparent change in its characteristic during the flight program

at Edwards and at Moses Lake. The installation, therefore, is considered
satisfactory.

The generator laterul and vertical vibration were alsc determined and
found to be below the Sg limit for O to 40 Hz and the 10g limit for 4O Hz
ard above. The maximum vibration ampl.iude occurred at the rotational
frequency of the generator (6600 rpm at norsal rotor speed). The ampli-
tude of response at this frequency was # 1.5 g's. There were also bursts
of vibrition that occurred basically at one=half the rotational speed of
the geuerator. These resulted in a maximum level of vibration response of
the generator of :_h g's at infrequent intervals. The steady level of

vitretion due to both frequencies was of the order of #+ 2 to *+ 3 g's.

Lateral vibration on the top of the sliprings and on the hub below the
sliprings was measured with the hub camera removed. The predominant
vidbratory response was at frequencies of either 1P (5.4 Hz), or 1P
(5.4 Hz) and TP (37.5 Hz) combinea. The maximum 1P (5.4 Hz) vibratory
response was encounted during transient pulse type maneuvers, and *he

maximum recorded vibration levels were 5.3 g's on the top of the sliprings,
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BOLLPULDE NPUTS 197 KCAS 4
107XCAS

WA ROTOR INPLANE {

WV o |

| ——

i }MMAI\ Aa sl Lo~ ~\A NANNALS AN NAAS A N0 ?L;I:TA 1.,

AN (VNN =

MAIN ROTOR BLAP
SEND MOM. AT STA 204, i
38,200 IN-LOVIN. ]

HAANN AOTOR MTCH
LINK AXIAL LOAD.
2.388 LV/IN.

b L 12 2 0 0 002 ..L.l.\lJ I T I TR N
MAN ROTOR PP IND. 1 BLADE FWD)

sl Y T —1
° 0 200 .0 20 30

I APM, GA WT 8420 L8, C.G. 1334 1IN, 10000 FT
OEICING BOOT INGTALLED

Figure 65. Tracing of Main Roter Load During Level
Flight and Pulse Inputas,
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and 4.9 g's on the hub below the sliprings.  The maxivans conbined 1P
(5.4 Hz) and 7P (37.% Hz) vibpatory recponse war encounted in normal
flight in the trsnsition repfon. PFor thic condition, the vibration
levels encountered un the top of the slipringe were 1,33 p's gt

1P (5.4 Hz) and . .05 g'a at 70 (37.5 He) with the reauliw b combinat lorn

of the 1P ana (P of 3,90 'y For this condition the maxivam levelns

on the hub below the siipring: were 1.03 ¢'s gt 10 (5% HeY and 0,59 @t

at TP (37.% He). The vibration levels meawsured were less than the

establiched 65 1imit,

In summary, ‘he airworthinecs Toad and [ibration measurvemente dopor-
atrated that the structural and dynamte contipueation of the modificd

aireraft s satistfuctory.

L.>.> Pilot Cormmenta

The lockheed flight teut pilot felr that overal! peneral bLardline qu
ities, vibration characteriatics wrd geroval capabititice of the HH=H
aircraf't have not been noticeably affected by the festatlation of the
modified rotor blades. Tf anythimg, they are siiphtly tmproved in

that the vibration lavel during high-speed and mureuvering flicht ceanms
to be reduced and does not increase with @ louwds as nmuch as g basic
UH=1rn, With the roduced bocat=off forces, the pilet states tha! he
would not hesitate to attonpt an aqutorcetat fon Tanlivg if faced with u
doubkle fallure situaticn. The modified olectricy]l syster procedures de
not present any problem in operation.  The following parasraphs precent

the pilot's comments relative to the various flying qualities,

Handling Qualities

Tue overall handling qualiti s in all £1ipght natouvers, loadings and
c.g.'s tested are equal to those of a good flying UH=1H with the stun-
dard main rotor and tail rotor systems, The aireraft had weple control

margins in all flight mancuvers tested,
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Vibration Characteristics

The vibration levels in all flight maneuvers, loadings, ard c.g.'s testzd
are equal to those of a good flying UH-1H with the standard main rctor

and tail rotor systems.

The increuse in the vibration levels with an increase in "g" loaas appears

to be a little slower to build and not as severe witn the modified rotor

systems.

Boost-off Operation

Collective forces are much less with the modified rotor blades than witn
the standard bl: des. There were no problems in moving the collective
control from flight position to O psi torque and up to L8 psi torque.
Cyclic forces appear to be less and the feedbeck loads reduced, which
gives a smoother movement of the cyclic contro’., Tail rotor forces
appear to be a little higher, but no problem was experienced in
obtaining full travel in both dfrections. Although the tail roclor
forces are a little higher, -he aircraft is much easier to tly thar

the standard UH-1H with boost-off and can be handled without requiring
any assistance from a copilot (as a result of the reduced force require-

ments on the collective and cyclic controls).

Autorotation

Power chops were accomplished witt all loadings and c¢.g.'s tested (frem
LU5K to 111K) at 5000 fee* and fr..- OK to 90K at 10,000 feet with no

problems in control of the aircraft or rotor decay.

Ry count, & 1.- to 2-second delay was used betore taking corrective
action on the controls, and a moderate rate of movement wes used to move
the collective to the down stop. The rate of build in rotor rpm was

good without havin, to load the rotor to increase the rate of build in

135
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rotor rpm. At high gross weight, a small amcunt of up=collective has to
be used to contrci the main roctor rpm in autcrotution des-entsy thic

also arpears to he a normal condition in the standard 'THelH,

Collective 3Syster Lither

On the ground and with the collective contrcl on the dowtistcp, the
collective boost cylinder dithers and feeds a control i:pput In%o the
main rotor, causing what feels tc be a moderate [=-cys vitraticn., 'The
vibration will stop with a small amount of ccllective up off of the
downstop. The vibration will stop when the hydrauli- boost ic turned
off, and it will start up agair wher. the tocst is turt--d on If the
collective has not been moved from the positicon that cauces tle Jither
to start. This conditicn was not enccuntered irn flight with the
collective cn the downstop or with attermpic to trigger it with smail

abrupt collective inputs.

L.2.3 Engine Inlet Screen Blockage

Also obtained during airworthine.s testing was the effect con engine
plenum pressure of a partial blockege of the engine inlet screer since

it is expected that scme ice weculd form on the screen based cn past
experience with the aircraft in icing. A baselirne was cbtained ac a
function of collective position for the unblocked UH-1H =ide air inleis.
Ther. 50 percent of the side inlets were covered with heavy canvas on a
diagonal from the upper aft corner to the lower forward corner (see
Figure 69;. The results of these tests, which are presented in Figure 70
and include the erfect of inlet blockage on erngine operation, show an

increase in inlet screen differentisal pressure of ©.1 %o 2.7 in., of H_ U,

“

In level flight, the urnblocked engine irlet screen AP measured € =T in.
of H?C, and 8 in. of H?O with climb power. A delta increase in engine
inlet screen differential pressure from thecse values of ° in., of HC

would be an indicaticn that an engine air inlet screer: blockage equiva-

lent to 50% of the side screen area was being experienced. It in

.
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estimated that the plenum pressure could be allowed to be 27 inches of H20
(approximately 1 psi) telow ambient before causing a structural problem,
as the plenum bulkhead was reinforced for this prcgram. (The structural

E 1imit would occur before a propulsion limit since a 1-psi reduction in
compressor inlet pressure would cause only a € percent loss in powver at
sea level, or 10 percent at 10,000 feet.)

L.2.4 Ice Protection System Clear Air Testing

Tests were conducted in clean air as part of the airworthiness testing
F and prior to any tests to verify the functional and operational
performance of the ice protection system. These tests included

F evalustion of the modified electrical system, windshield and stabilizer
k bar heater operation, and deicing system cy~nling tests. A log of the

flights is shown in Table 13, These tests were conducted on the test
number indicated in series with those shown in Table 9.

A discussion of general operation and problems encountered is covered
in Sec:in 6.6 and 6.7 for the electrical and deicing system.

L.2.5 Rotor Blade Thermal Performance {

As part of the system functional performance testing in dry air and to 3
assict w'th later correlation of icing tests, temperature-time histories
wvere cbtained for four main rotor blade stations and two tail rotor
blade stations. These are presented in Figures Tl and T2. Also noted
on these figures is the power ON schedule for each zone. A comparison

with the predicted temperature use is also shown for these rotor stations.

The agreement for main rotor stations 45 (zone VI) and 178 (zone III) is
excellent and is fair at main rotor station 101.25 (Figure T1). This

thermocouple is 0.1 inch from the zone boundary and is affected by
conduction through the erosion shield to the adjacent zone. Hence, there
‘ is some preheating from zone IV; but, conversely, there is alsc heat
dissipation to zone IV after it is deenergized. At station 83, there is
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TABLE 13. LOG OF ICE PROTECTION SYSTEM CLEAR AIR TESTS
Date | Test | Flight | Hours Purpose Comments
1-29-75| 18 - - Deicing system check- Satisfactorily
out after blade wiring accomplished
repair
1-29-75 | 19 12 1.7 |Dry air cycling and Main rotor
IMI effects cycling o.k.
but tail rotor
not cycling
2-19-79 | 20 - - Deicing system Overheated
testing stab. bar
heater-damaged
boot
2=-21-T5 | 21 13 1.9 |Deicing system dry air AC generator
cycling dropout
problens
2-21=-TS5 | «2 1k 0.9 |Mod. config. familiar- Satisfactorily
ization flight with accomplished
Govt. pilot
22475 | 23 - - Track and balance - Satisfactorily
standard blades accomplished
installed
2-25-75 | 23 15 1.0 |Functional check Satisfactorily
flight - Ferry config. accomplished
3-3-T¢ - - 3.2 |Ferry flight to Reno Satisfactorily
accomplished
3-b-75 | - - 5.8 |Ferry flights, Reno to AC generator
Moses Lake reset problems

Total operating time on modified configuration

Total nuamber of flights on modified configuration

Total number of flight hours on modified configuration

- 34.4k hours
- 1k

- 15.3
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a production bresk. Consequently, there is a 1/U-inch unheated area on
either side of the production break (to provide a trim margin). This
unheated area was accounted for in the design on the outboard side by a
1/2-inch-vide heating element which is energized by current from the
common ground return, thus providing heat whenever any of the outboard
zones are energized. The power density in this area is reduced to 33 per-
cent of normal, however, to prevent overheat due to tle relative long
pover ON time (equal to 5 zones). Thus, the temperature rise is over

a relatively long period and is low relative to the other deicer areas.

The measured and predicted tail rotor temperatures are compared in Fig-
ure 72. Two factors can be noted with respect to the measured values:
(1) the initial temperature level is significantly higher than predicted,
and (2) the curves exhibit an irregular shape. Thus, it appears that the
measuraments were affected by electromagnetic interference (EMI), but

it is not known how this influenced the signal strength. It is also
believed that the tail rotor i: heated to some extent by the engine
exhaust, and this may account for some of the difference between meas-

urements and predictions.

4,2.6 Windshield Operation

During the dry air testing at Edwards, the windshields were operated satis~
factorily at 160, 200, and 230 volts ac during both ground and flight tests.
The windshields appeared to cycle normally, and there were no instances

of voltage shutdown due to an overheating condition.

The left windshield operates at a slightly higher temperature than the
right windshield and hac a slightly longer power ON cycle time., The
temperature difference was noticeable tc the touch and along with the
different G¥ time is probably due to the difference in temperature sensor
locations between the left and right windshields.
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Oround tests to determine the mirimum heating requirements of the left
vindshield were conducted at 50-, 100- and 160-volt settings of the Variac
control. The results of these tests were considered to be inconclusive
due to the longer time required to establish a atable ON /OFF cycle time

at the high asbient temperatures during the ground tests.
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5.0 SIMULATED ICING TESTS

Evaluation of the ice protection system was conducted in forward flight
under simulated icing conditions flying behind the USA AEFA CH-LT
Helicopter Icing Spray System (HISS). The test prugram was conducted
at Moses Lake, Washington during the period of 12 March through 31 March
1975. A log of the test activities during that pericd i{s presented in
Teble 14 and Appendix A and shows that 12 icing test flights and 14 main-
tenance flights were made. The maintenance flights wvere accomplished
for rotor tracking after blade change and troubleshooting intermittent
electrical ground vrobiems. Deicing data points were obtained on nine
of the icing test flights. Icing test conditions ranged from -Soc

to «20°C air temperature, Test temperatures were obtained by varying

the test altjtude from approximately LOOC feet to 10,000 feet. The
liquid water content of the water spray from the tanker varied from

0.25 s/mq to 0.75 8/m3. As the temperature was decreased, the maximum
liquid wvater content tested was decreased to encompass the probable
combinations of OAT and LWC.

In general, the ice protecticn system performance was considered satis-
factory. Windshield and stalilizer bar anti-icing appeared completely
effective. Although no tail rotor blade icing was experienced (page
163), the blade deicing heaters were cycled to gain operational
experience on the complete system. Main rotor deicing was complete
under most test conditions., Under some conditions, deicing of tie
inboard 6 feet of the blade leading edge was not effected even though
the heaters operated properly (page 151),
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5.1 OFERATIONAL TEST PROCEDURE

The following test procedure was used during the simulated icing %
tests at Moses Lake, Washington.

] 1. Each flight was preplanned with the icing conditions selected
for evaluation, with a set ¢f alternate conditions awvaileble

if alterations to the flight became necessary.

2. Prior to the test flight the fixed-wing weather survey
aircraft conducted a u:mperature-altitude check to find
the altitude for the selected test ambient temperature.

3. A preflight briefing would be held for the test crew, chase

aircraft crew, HISS tanker crew, and rescue helicopter crew,

with other interested personnel in attendance.

4. After the briefing, the crews boarded their aircraft, took i

5. Upon arriving in the test area, the HISS tanker stabilized

at the altitude required for the desired ambient temperature

and started the water flowing at the rate required to obtain

the desired liquid waterr content.

6. The test aircraft then took a record in trimmed level flight
before ente~ing the icing cloud (Figure T73).

T. The test aircraft next entered the icing cloud behind the
HISS tanker and stabilized at approximately 80 KCAS at a
distance of i20-150 feet behind the tanker. This distance

was monitored by a rearward-facing radar altimeter in the

off, rendezvoused, and flew in formation to the test area. ‘
i
tanker, and the test aircruft pilot was informed of deviations 5
i
1

from this distance by radio. Figure T4 shows the test aircraft

operating in the spray cloud relative to the tanker.

1k9
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8. After remaining in the cloud for the designated period of
time, the test aircraf* exited the cloud and took a record
in trimmed level flight. The chase aircraft then moved in
snd observed the ice accumulated on the test aircraft, and
the photographer took pictures prior to the deicing cycle.
Figures 75 and 76 show the UH-1H in the spray cloud as viewed
from the side and from the tanker.

9. When the external observations were reported, the deicing
cycle vas initiated. The observer in the chase aircraft
visually noted any ice leaving the rotor, and this was also
recorded by the photographer with a high-speed camera. If
the chase aircraft reported that there wes ice remaining on
the blades, the deicing system was recycled.

10. After completion of the deicing cycle,the test aircraft took
another record in trimmed level flight outside the cloud to
establish a base for the next cycle.

11. The tesat aircraft reentered the clond for the next test
condition, and steps T through 10 were repeated,

12, After the completion of a given flight, the four aircraft

retwned to base.

5.2 ICT.C TECT CLNTTIORS

The simulated icing tests were conducted in test envelope expansion fashion
starting at Just-below-freezing ambient temperature (23°F) and low liquid
water content (0.25 gram per cubic meter). Information based on prior

Army testing in simulated icing conditions indicated that 1/4 inch of ice
would accumulate at the LO percent rotor span point at this LWC and tempera-
ture in approximately 7 minutes, Using this as a guide, the initial deicing
cycles were initiated after exposure times in the icing test condition cf 2,
L, €, 8, and 10 minutes to buildup to the T minutes and bracket it. After

some deicing experience was obtained and the results were evaluated,

152
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8 minutes was selected as a reasonable OFF time for the 0,25 g/m3 LWC,
and this was ured as a basis for selecting the change in powvsr OFF time
being inversely proportional to increases in LWC. No quantitative measure
of blade ice thickness prior to deicing was made other than an attempt to

keep the Atorque increase in the area of 5 psi or 20% to be consistent

] with previous test recommendations. As lower temperatures snd/or higher
LWC conditions were tested, the exposure time or ice accretion time was
increased in two steps to the established nominal OFF time. As mentioned
under test procedures, each test condition of temperature and LWC was

evaluated by conducting a deicing cycle in clear air after accreting

PR

ice first and then by evaluating two or more successive deicing cycles
wvith the appropriate OFF time while flying continuwously in the spray

cloud.

The icing condition envelope that was the test target envelope is shown

e,

in Figure 77, vhich also indicates the incremental steps used in reach=-

ing envelope extremes, As can be seen, 81l but the high LWC and 23°F
temperature corner of the envelope was achieved. Table 15 lists the
specific test conditions attained and shows the time in the cloud and the
deicing test cycle number, The cases where more than one cycle number

is shown are the cases where flight in the cloud was continuous for the
total time shown with deicing cycles accomplished every 8 minutes in
light (L) LWC, L minutes in moderate (M) LWC, or 2 minutes in heavy (H)

e

LWC conditions as appropriate. 1

The ice buildups which were obtained between deicing cycles can also be

related to protection against intermittent maximum conditions, as
defined in MIL-E-38453. The liquid water content associated with these

conditions and 15-20 micron volume median droplet sizes is 2-2.5 g/m3,

depending upon ambient temperature. Since the deicing system is capable
of completing a cycle every 36 seconds (with the heavy setting) even at

e . e et s hen Sian . il

-20°C, the ice buildup experienced in 4 minutes at 0.5 g/m3 is more than
representative of the ice buildup which might accrue during intermittent
maximum conditions.
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5.3 ROTOR BLADE DEICING

The effectiveness of the deicing system was determined during the tect
program primarily from visual inflight observations from the chase
UH-1H aircraft. A main rotor hub-mounted movie camera was installed on
the test aircraft as described in Section 3, but no blade pictures were
obtained due to an obscured camera lens or the viewing window of the
enclosure around the lens, The window had anti-icing provisions but
successful operation with a clear window under low temperature and icing

conditions was never obtained.

The blades were painted dull black with white stripes cutlining the

6 heater zones to aid in the deicing evaluation, both visually wund
photographically. Figure T8 is a picture of the blade in flight taken
from the chase helicopter that shows the zoue boundary marking lines
defining the six rones (zones are numbered I = VI starting from the
outboard end and going inboard). Close inspection of the photographs
shows ice formed on the blades on zones III, IV, V, VI, with the cutbcuara

edge Just inside the zone III outer toundary line.

Although good photographic documentation {s not available, the excellent
observations of the USAAEFA engineering pilot/observer were detailed and
specific. The right-rand column of Table 15 briefly summarizes perti-
nent observations/comients made by the chase helicopter on each deicing
cycle, At all test conditions, good deicing shed results were reported,
although the results were not always consistent. 1In general, the deicing
of the blade occurred zone~-by-zone as intended. The deicing was sym-
metrical in that the flight crew could not detect the shed except
occasionally, and then only a barely perceptible low-level one-per-rev
out-of-balance condition. Under conditions of =10°C and below, the
deicing could be ~bserved so distinctly that the chase observer could
call off the shedding by zone number in seguence, and the test aircrart

crevw could correlate the zone sheds with the zone heater ON time
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lights in the control panel. These observations indicated that the

ON time could be reduced approximately 2 seconds per zone. Thus a
simple test procedure is feasible in future testing vo use in optimizing
the heater ON times.

At all temperature conditions, there was some residual ice near the
inboard end of the blade. This residual ice varied from about 12
inches of span at -5°C to 60 inches (one-half of zone V and all of
zone VI, the two inboard zonea) at -10°C and colder. Repeated close
internal cycles of the heaters generally failed to clear this ice even
though the zone VI blade thermocourle readings showed that temperatures
as high as 53°C were realized. (The temperature was incresased by
using longer ON times for succeeding heater cycles.) Figure 79 shows
typical postflight residual ice formatirm a% the root end of the
blade. The blade heated area goes all the way in to within an inch

of the root end. It appears that the large water droplets of the spray
tanker cloud (150 microns) reswlt in ice formation back of the heater
(chordwise) and on the blade grip clevis fitting and essentially bridge

the heated area and remain attached.

The 60-inch span corresponds to the doubler heater which extends from
sta, 24 to 83, where there is a joint or Junctwe with the outboard blade
heaters. The erosion shield materiul changes from aluminum to steel at
this station. The joint in the heating element results in a 1/2-inch
band which is unheated and which could provide sufficient ice bond
strength to prevent the ice from there in to the grip clevis from shed-
ding. Future testing should incluae checking the effect of this ice

accumulation on autorctstion rpm.

llo positive indication of runback wes evident on the outer portion of
the blade. The inboard lower surfuce collected jce "drops™, which are
apparent on Figure 79 as far back as the trailing edge, as would be
expected due to the large droplets behind the HISS,
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With respect to the tail rotor blades, the test results indicate that,
at least for the conditions tested, ice protection is not required.
The engine exhaust plume provided sufficient heat to anti-ice the tail
rotor blades at all conditions tested. A review of high-speed camera
film from the chase aircraft also showed no ice present on the tail
rotor blades, although varying amounts of ice were present on the hub

arms, slipring housing, vertical fin, and horizontal stabilizer.

Flying in the cloud behind the HISS tanker in level flight requires a
power setting that would be used for climb. The higher exhaust gas
temperature combined with the vortex pattern behind the tanker may
result in a favorable anti-icing condition for the tail rotor, which
would not be present under natural icing conditions at h =h liquid water
coutent levels end low ambient temperatures. Therefore, tail rotor

deicing capability for the UH-1H helicopter may still be required.

5.4 DEICING LOADS AND DYNAMICS

Main rotor end tail rotor loads were recorded prior to entering, while
inside, and after leaving the deicing cloud created by the CH-4T spray
tanker. Loads were recorded on magnetic tape, and the most critical

structural loads were monitored in real time to maintain safety of flight.

Prior to the actual icing runs, the test helicopter was flown in the tanker
wake a*. various locations to determine the effect of air turbulence from
the tanker. Vertical passes were made through the wake in the center, to
the left side, and to the right side. The center and left side vertical
passes were made without any difficulty. The vertical puss on the right
side was terminated when limit engine power was reached. The test heli-
copter was also flown in the "icing test position" behind the tanker.

Main rotor blade loads for these wake turbulence survey tests are shown in
Figures 80 through 86.

163

.




160,000

120,000

CLEAR AIR WAKE

200000 I~ TyRGULENCE SURVEY

tCING TESY

<> VERT. PASS - CTR
0\ VERT. PASE LT SIDE
Q VERT. PASS AT SIDE
D TRIM IN THE WAVE

O TRIM BEFOAE ENTERING ICING CLOUD
0 JUST AFTER ENTERING ICING CLOUD
Q BT BEFORE LEAVING ICING CLOUD
&) TRIM AFTER LEAVING ICING CLOUD

7 DURING DEICING CYCLE
() MAX. IN 1CING CLOUD

$0,000

CVCLIC, IN-LE

40,000,

80,000

MEAN, IN.LB

Figure 80.

NO FLAG ~ OAT = 4°C
FLAG TOLOWER LY. ~ OAT = -1§°C
FLAG TO LOW.R RT. ~ OAT = .N0°C

: §

5 X

| U N S SV U U B G GDN DI WY GUNNNS SN N |

1 2 3 4 s @6 ? 8 9 W0 17 12 13 14 15
TIME IN ICING CLC .-D, MIN

Main Rotor Inplane Bending Moment at Station 35 With
Deicing Boot Installed, 80 KCAS

164

-




r

e e A et

CLEAR AIR WAKE

TURBULENCE SURVEY ICING TEST
© VERT.PASS - CTR O TR GEFORE ENTERING ICING CLOUD
4 VERT. PASE LT $IDE 0 JUST AFTER ENTERING ICING CLOUD
O VERT. PASS RT SIDE © JUST BEFORE LEAVING ICING CLOUD
D TRIM IN THE WAKE O TRIM AFTER LEAVING ICING CLOUD
¥V DURING DEICING CYCLE
0,000 () MAX. 1N ICING CLOUD
NO FLAG ~O0AT = £°C
FLAG TO LOWER LT ~ OAT = -18°C
% 0000 FLAG TO LOWER RT — OAT = .20°C
z
o
3
5 2000 § é 0
0
—
100,000 -
80.000 }—
NOTE: NOT CORRECTED FOR DEAD
WEIGHT MOMENT OF 16.060
IN-LB
2  80.000
- —
2z .
z
¥

w0000 ’§§

20.000

e 4+ ¢+ 4 £t 1 1 1 1 1 1 .J
2

3 4 - L ? 5 9 M 11 12 13 14 15
TIME tN ICING CLOUD, MIN

Figure 81. Main Rotor Flap Bending Moment at Station 35 With Deicing
Boot Installed, 80 KCAS
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Deicing Boot Installed, 80 KCAS
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Ice accretion runs vwere conducted behind the tanker at three water spray
flow rates of 0.25, 0.50 and 0.75 grams per cubic meter for various ice
accretion times prior to deicing. The outside air temperatures varied
from 5°C to -20°C, The structural loads are presented tor the 0.25 and
0.75 g/m3 flow rate in Figures 80 through 86 and Figures 87 through 91,
respectively, us a function of the time spent in the cloud (i.e., the
amount of ice on the blade).

The structural loads are plotted for each of the following conditions:

F 1. Trim before entering the icing cloud at the test altitude

and speed, outside of the tanker turbulence.

2. After entering the icing cloud to obtain a base point in the

tanker turbulence at the start of ice accumulation.

3, Maximum load in the icing cloud to determine the highest load

obtained while in the icing cloud.

4. Prior to leaving the icing cloud to determine the structural
loads in the tanker turbulence with the ice that had

accumulated while in the 1cing cloud.

5. Trim out in clear air after leaving the icing cloud to
establish the change in structural loads with the ice that
had accumulated in the icing cloud so that it could be com-
pared with the trim before entering the icing cloud.

6. During the deicing cycle to determine load changes as ice

sheds from the main rotor blade.

A review of the plotted data shows that most of the increase in

structural load was due to the downward flight operating condition and
turbulent air behind the tanker. There was no significant change in loads
due to ice accumulation. The data also shows that there was no signifjcant

change in loads during the deicing cycle as the blades shed the ice that
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Figure 87,

Main Rotor Inplane Bending &-cug at Station 35 With
Deicing Boot Installed, 0.75 g/m3.
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Figure 88. Main Rotor Flap Bending Moment at Station 35 With Deicing

Boot Installed, 0.75 g/a3.
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Figure 89, Main Rotor Pitch Link Axial Load With Deicing Boot

Installed, 0.75 g/m3.

174



Sk i e T A e el R i L

ELAG TO LT~ OAT = -2.8°C k
FLAG TO AT ~ OACT = .10°C

dofh gl & I3

so% O TRIM BEFORE ENTERING ICING CLOUD §
JUST AFTER ENTERING ICING CLOUD ]
MAX. IN ICING CLOUN
JUST BEFORE LEAVING ICING CLOUD ~.§
a0 O TRIM AFTER LEAVING ICING CLOUD )
U DURING DEICING CYCLE -i
e 000 |-
z
¥ 2000} g
{
|
1000 }-
i
0 A L | A A {
° ) 2 3 ‘. 5

TIME IN ICING CLOUD, MIN

Figure 90, Tail Rotor Inplane Bending Moment at Station 11 ’1
With Deiecing Boot Installed, 0.75 g/m3.
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had already accunulsted. The loads measured were all within the flight
loads measured during the dry sir flight envelope expansion tests except

for the tail rotor inplane bending moment at rotor station 11.

The tail rotor cyelic inplane bending moment reached a maximum value

of 1750 in.-~1b behind the tanker (Figure 84) as compared to the maximum
of 1650 in.-lb that was measurad during the envelope expansion tests

at Edwards (Figure 60). This bending moment level is well within the
structural capability of the tail rotor and below the maximum transient

of 2200 in.-1b found in the measured records of the standard blade,

’ ime history of the main rotor flap bending at station 35 and the pitch
Link load during a typical deicing cycle is shown in Figure 92. These
data are typical and show that there is no discernible change in loads

before, during, and after the deicing cycle.

The tail rotor, because of the heat stream from the engine exhaust, was
net in an icing environment. A difference in loads due to the turbuleat

wash from the tanker wars =vident.

Table 16 summarizes the predominant measured vibration response fre-
quencies at the locations where vibration data were reccrded ard tae

apnrroximate recorded response amplitudes. These data are presented for

Lrim f£light lust prior tc entering the cloud and while t'lying in the cloud.

The general vibration charact:aristics are not sersitive to being in
the cluud or out of it. The only vibration that was sigrnificantly
ircreased while.in the cloud was the pilct's seat vertizel GP. "his was

crobally due to the turbulence genera ed by tie tunker hellcopter.

e ritot's sewt vertical vibration readings shown In the Lal e appear
ve righ in gereral. It is not krown whether *ilese are road or i
s opuroltle ealibtratiorn errar,  in oany event, the relat v myarico,
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TABLE 16. VIBRATION LEVELGS RECORDED IN TRIM BEFORE
AND AFTER ENTERING CIOUD
Vi ti
Vivration pmplitude, g's
Acceleroneter Location w/QR Trim In Cloud
Pilot's Seat Vert 1P +0.,2 0.2
Pilot's Seat Vert 2P +0.16 +0.15
Pilot's Seat Vert 6P +0.1 +0.18
Pilot's Floor Long 2P +0.12 +0.15
Pilot's Floor Lat 2P +0.04 +0.07
Pilot's Seat Lat 2p +0.02 +0.03
Pilot's Seat Long 2P +0.05 +0.05
P.lot's Seat long 10P +0.3 +0.16
Tail Rotor Gearbox Vert = 6P +1.8 +1.8
Tail Rotor Gearbox long =10P 1.0 1.2
Main Rotor Gearbox Lat =13pP N 1.0 0.7

A review of the vibration data was alsc mude guring the deicing sequen:o.

‘he data, which was substantiated vy piict and cbrerver conment

tnere was virtually noe effect on airtrame vibrat.ry respcnce 1ur

deicing sequence at any of the vibration rrequercies.

©.% ROTOR ELADE THERMAL PERFCKMANCE

4 limited amount of blade temperature hil-tcry 1nln were oitaling:
the icing runs. Figire 93 shows, for exumpie, % refuits oF portoe

i, the deicing cycle ir or ~us ¢f tie cloud (at -1C°C). It is seen

.

that the latent heat -¢ “usirr =& the tropless har o Jlen it

~1. ~he blade unheuted equ.l.itrl i tempers! ire (¢1,e cenpera® oo
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to the start of deicing); i.e., the blade temperature in the cloud is
higher since the impinging droplets which freeze release their latent
heat of 144 Btu/lb. The cooldown in the cloud, on the other hand, is
faster since the droplets impinging on the surface (above freezing)
absorb heat since they are sensibly heated to the surface temperature.
The absolute magnitude of the blade temperature level, however, appears
to be incorrect since all the temperatures are noted «s being above
freezing. In addition, there is a change in the temperature=-time slope

at 4 seconds, which corresponds to the time of ice re.ease (presumsbly
o]
at 0°C).

Figure 94 shows the temperature-time history for four main rotor
stations at an ambient of -SOC. This curve clearly shows the effect of
kinetic heating along the rotor span. At this ambient temperature the
blade will be ice free along tne outboard 50 percent of the span due

to the kinetic heating. Ice shedding is discernible only at station L%,

as a change in temperature slope.

Figure 95 is a summary of the measured temverature rise at station 4%

as a function of semiautomatic OAT control setting for light (160 volts)
and moderate (200 volts) icing intensity settings. The cleur uir
temperature rise is, as would be expected, higher than during icing.

The temperature rises during icing for both the light and mederate
settings indicate a satisfactorily conservative level above the

ambient temperature datum.

Figure 96 is a correlation of predicted and meusure.d temperature rise

at station U5 for an ambient temperature .t =00, Thie rr consionen
of three consecutive deicing cycles. [t wa:s rep roe1 ty *ne conace porgo
that it appeared tha* the ice hai not sher lrbcart o the Sirst oxeo g
therefore, two subsequent cycles were per! rmei [n u. atterpr *.

clecar the residual ice, Un the first .ycle, the measurei *erper: o
shows a flat spot for | secords (at an [1n1i *ute: “erpesy e

Allowing for the probability -f irsspumers ol o M pritlers
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since the correct initial temperature should be -14°C, the flat spot
can be attributed to the melting of an ice layer (at 0°C) and the
subsequent formaticon of a cavity under the ice. It is to be noted
that the subsequent measured temperature rises are higher than the
predicted values. This would occur as a result of the insulating
effect of a layer of ice over the surface. The thermal model used
for the analysis accounted for thermal capacity of the ice and its
thermal conductivity but presumed that the ice shed at 0°c.

Unfortunately, none of the movies or still photographs that were taken
indicated the extent of ice which failed t. shed during the -20°C
condition {shedding was reported by observers in the chase plane as
being complete during the -15°C test conditions). There are two

phenomena which could have contributed to the reported incomplete

shedding:

1. An ice ridge at the station 83 production break. This can
be corrected in a heating =lement redesign either by locsally
increasing the power density or by using a continuously heated

parting strip on either side of the break.

2. The ice anchoring to the unheated area inboard of station 50.
The heated area inboard of station 50 extends only 1 inch on
either side of the leading edge, whereas the ice catch with the
large (150-micron volwne median diameter) droplets from the

HISS extends substantially further aft of this point.

Figure 97 presents a comparison of the expected water catch distribu=-
tion on the main rotor blade =3 would be experienced in natur=l Iicing
with that occurring benind the tanker. It is seen that the large

droplets result in double the total catch rate per foot of span for a
given liquid wvater content; alternatively, the leading-edge cutch

rute v approximately LO percent higher (for equal ligquia water corntents),
and impingement extends arproximately lOU percent further alt behina tie

HISY thar w.wld be experiencei frn rntural leing. Although the oo onorite
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behind the HISS is double that for natural icing, the severity of icing
is generally evaluated at the leading edge; and thus tanker icing could

be taken as at least L0 percent more severe than natural icing.

5.6 WINDSHIELD ANTI-ICING

The anti-icing characteristics of the windshields were conslidered to be

satisfactory at each combination of liquid water content and ambient

temperature tested. At no time was there any evidence of ice c¢clinging
to either windshield within the heated areas. Accumulations of ice
were outside the heated areus and on the wiper blade ussemblies, The
thickness of this ice varied with liquid water content, temperature,

and time duration within the icing cloud. 'The wiper blades were
effective in keeping the windshields clear of water film when they were
used to improve the pilot's view of the HISS tanker during flight in the
spray cloud. (An annoyance, however, was the wiper travel onto the ice

cutside of the heated area. It is concluded that the wiper travel should {

be modified to eliminute this problem.) An example of typical ice

accumulation ocutsi-le the heated windshieli areas can be seen i1 Figure 16.

The pilot's windshield cyoled rormally at 160, 200 and 230 volts during
voth ary uir and iciw operation. The copilot's windshield lad a slightly
longer Vi -irme than the pilot's windshield at JJ0 and 230 volts. At

100 volts, irn cold =ir ani Iin icing oonditions, the N time of copilot's
wirndshield increased sibstuntially and @ temperatures below =10°C stayed

onoalmest oeontinaously,

Turing the Initliql tecto 2t M oges Lage, ‘Le varisb.e voltage control
Wariae® o the oopil-o's windahielt Sl a4 ovep lucenont was not

avaisabie] fterelore. It owhas .t ol colble ¢t Wt ernine the Voo twre
A ] ] by

. e - C . . s s
shigil was sutlsvadtorily ari=red o owl, "Ll (looevoltt o oonul-
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S5.T ICE DETECTOR/SEVERITY METER PERFORMANCE

As discussed in Section 2.4, two ice detector sensing units were
mounted on top of the fuselage (Figure 16). Fundamentally, these

units are ice detectors, with their output signals processer as
appropriate to provide indications of liquid water content. Figures 98
and 99 show the response of the ultrasonic unit in several different
spray cloud densities. As previously noted, the HISS cloud has a ver=-
tical extent of the order of 5 fret; this results in the ice detectors'
normally being positioned near the edge of the cloud when the main

rotor is positioned near the center (Figure T5).

Thus, the detectors will indicate a below-average cloud liquid water
content. Figure 98 does show the effect of a perietration of the
sensor through the cloud and provides a measure of the vertical
distribution. The ncominal liquid wuter content noted on the figures

is obtained from the calibration data for the HISS.

These data show that the ultrasonic unit provides a very rapid response
to local icing severity conditions and that it apparently yields at
least a gond measure of relative icing severity. Further testing under
natural icing conditions is needed to establist its usefulness in pro-

viding signals for the modulation of the rotor deicing system.

Only one problem was experienced with the ultrasonic system during

the icing tests: the probe and mounting strut generally failed to

Jeice autoratically, und it was necessary periodically to deice the
anit manually (by pressine the test button, whish activates the

heating unit).

Untertunately, no data were obtained wilh the irfrarei sensing system
4 the leing severity clrcuitry was not operable, and all icing

Slanmuls from the sensor were being processed throun the LW
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component. Ground checkouts indicated that the detector portion of

the system was upparcntly functioning properly.

Figure 16 shows :he ice accumulation on the ice Jetectur mastz on top
of the cubin roct after a typical test flight. It can be seen that the
ice accretes well down ou the suppeorting rust, implyin.s that for tanker
spray tests, ut least, the masts need not be sc high; however, the
smaller droplet sice (n natural icing clouds might produce different
results. A change .a mast heirht should be deferrei, therefore, until
completion of natural icing inwstigations.

5.8 3TABILIZER BAR

The energy levelc which were established and used for stabilizer bar
anti-iring proved to be effective in preventing the formation of ice

on the heated area of the arm and tip weight (Figure 100). Actuation

of the system, how~ver, is currently tied into the ice detector signal:
heat is not applied until icing is encountered. The transient response
of Lhe assembly is such that, based on analysis, the coldest heater sur-
face temperature (midway between the heater wires) does not reach 0°C
(from -18°C) until approximately 8 minutes after the application of heater
power. Thus, it is concludeG that the stabilizer bar anti-icing system
should be actuated prior to entering the icing condition and that the

ice detect: r signal requir:ment should be deleted. This is the procedure

that was used in the test program to obtain proper anti-icirg.

5.9 UNFROTECTED AREAS

Some of the unprotected areas on the aircraft that experienced significant
ice buildups during the testing (although the ice didn't cause any problem
or generate any concern during the program) are poteitial prcblems, They

could be FOD sources for the tail rotor or adjacent aircraft in formation

flight a.d, tvherefore, should be monitored in future testing.
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a. K. H, synchronized herizontel stabilizer

b, Aft fuselage vertical pylon

| ¢. DBattery vent

d. Rotor control Rods
e, Fuselage noze

f. ™ vhip antezna

Figure 101 shows the {ce buildup rewaining on the horizontal stabilizer
and wertical fin after retury. to dase. Observation of the movies taken
fr.m the chase plane indicate ice accretion over the entire upper
surface of the horizontal stabilizer. (This is to be expected becau- =
of the relatively Jarge vater droplets from the HISS and the increased

negative angle of attack.,) The ice buildup on these surfaces was not

noted to cause any problems but does serve as an indication of the total
accumulation on an ajrfoil. The maximum leadingz-edge accumulation observed i
on *..e ground was 1 inch on the right hand horizontal stabiligzer and
spproximately 1/4 inch on the vertical fin. The left hand hcrizontal
% auto~stabilizer appears to be kept ice-free by engine exhau . heat,

e L

Figure 102 shows iypical ice buildup on the battery vent. In one
instance, the ram air inlet was almost closed. It is recommended, there-
fore, that the system be redesigned to incorporate a different type of
ventilation such as an internal fan or a much larger scoop or a baffle.

Figure 100 shows typical ice collection on the main rotor control rods.
Although a substantial amount of ice built up on the control rods,

svashplate and pitch links, there was no problem with aircraft control.
Ice thicknesses of 1/2 inch were measured on the dlade attach fittings.

The ice texture which was seen at all ambient temperatures was of the
,~ glaze variety and closely matched the description of freezing rain, which
can te found on pages 21 and 22 of Volume I of this report.

193

.



_ *SUIo ul4 TEITIIIA PUB IIZITIQEiS TWIUOZEIOH °TOT 3P4

194




ulhsendiefs.




Much of the helicopter nose was covered with ice and this, toc, is
symptomatic of the large droplets existing behind the tanker. The
principal effect of nose icing would be the icing of the chin buoble
vindow. The test crew, howeve:, did not believe that the icing which
was experienced represented a potential operational pmblem or hazard.
It is also to be noted that the much smaller water droplete associated
wvith naturel icing would only impinge close to the immediate stagnation
area of the nose and are not likely to cover the entire windov.

Previous icing of the tﬂ-lll(” showed that the ™ whip antenna os-illated
violently with ice on {t, and several inches were broken off by the %ail
rotor. Tihe recommendation ves made (reference 3) that the antenna be
canted an additional 12.5 degrees by a vedge; and this was done for this
program. Observation from the chase aircraft on the first icing flight
were that the antenna continued to whip violently due to ice changing its
maturel frequensy; thearsfore, the aatenss was removed for the remiining
test flights. It {s recommended that the antenna bde moved to a

nevw location or that a flush antenna be used if it is available,

There vas no icing of the engine air inlet screen of any significant mag-
nitude. On cne flight, ice duildup on the right-hand side was noted
(Figure 103), but this condition was not consistent.

©.10 EFFECT OF ICE ACCRETIN:! ON AIRCRAFT PERFORMANRCE

La were recorded during the testing to assess the i{ncremental changes in
pover requ’ ad due to flight operations under icing conditions, The param-
eters recordad at each trim point by test and flight number are presented
in Table A-1 in the Appendix of this report.

(3) Mittag, Ma). Carl F., Uii-1H HELICOPTER NATURAL ICING TESTS, US Army
Aviation Engineering Flight Activity Report Th-T7, Volume I of Rotary
Wing Icing Symposium, 4-6 June 19Th.
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For a deicing cycle, the chmee fu torqie jreccuse beteen tne teony pooint.

provides a measure of the chaiige due to i wccretion,  These changet are

cesidered approximate as in the case of mvjeuted oo eoret fon nud delel.:

cycles there {¢ no way to account tor the (ce remudntinge o the Llwge
resulting froa an incomplete fce shed «ter o defcine cveles [ addit oo,
the chuse alrcruaft observers reported many instances of iee 1vaving Lhe

alreratt after exitine the cloud and betore the deicives cyele {daring

ambients of -7.5°C and warmer), thus affecting the delta chunge measurement: .,

“he torque changes due tc main rotor ani fusci-gwe fTee bul bt bave 1o
swanrized in Table 17. ithe averwse torpwe incrmvewte fo S sl oo
iciug above that required for level lipsht f8 chown ¢ v Je i g e
and varied between O nnd B, 3 porrcent for sul oottt L teste . L he
average torque increamse due to fce bullaup oo the Dace s e gt oty
rotating components waz 5.7 percent and varicd betweon D oig o, jeren,
The average value of the combined torgue lfrevreqase jo ¢
fuselage ice buildup was 18.t percent wnd varfed betweon oang o o pere o

The wake and vortex patteéerin behind the tanker recalr fu s e afproegs
flying in a simulated climb condition to malutain i poci-ion fn tne
icing cloud. From nonicing test Jata, the torue incrvase war foean to e
L4 percent when flying behind the tanker. Iliriug e iluy festa, torgjue
pressures of L2 to 50 psi were reported under some test conditions and
reflect torque increases of "8 to T8 percent, respectively, “hia higher
level of power required in the cloud with re:ultant increase in eximust
gas temperature (55-65°F) may also contribute to anti=iciag of the tail
rotor by the engine exhaust wake. lNatural {cing tests will huve tu be
conducted hefore this elfect can be confirmed.
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6.0 NEV INSTALLATION FROBLEM AREAS

6.1 MODIFIED ROTOR BLADES

Visual inspection procedures for all new instwllutions were prepared
end utilized during the test program to asuure flight cafety. These
inspections included preflight, dajly, and ’S=hour inspection-,

The modified rotor blades were given special attention tecsuse uf the
limited testing and number of blades fabricated (a total of four main
and three tail blades vere modified for use {1 the test prosran) prior t
flight operations. Before any testing, the maln and tull rotor bluiec
vere inspected by the "C" scan ultrasonic method to verify vonding
integrity and to document their initial cr cero time signatures us
described in Section 5.2 of Volume 1. In addition, the irst maln
rotor blade that ves modifled was used as a teardown specinmen to verify
bonding procedures. The {ritial "C" scan und visual iuspection of the
teardown blade crossesectional cuts indicauted low bond strength where
the heater element braided wires ran under the erosion shield along the
span -f the blade. Therefore, shear and tenslon coupon specimens weve
eut from portions of the actual test blade as well as fatigue test
specimens, and tests were conducted that established adequate structural
integrity of the "good" bonded area. This is discussed in detail iu
Sections 5.2 and 5.3 of Volume I.

To further augment this aspect of the test program, a seccond "C" -can
ultrasonic inspection was performed after tiLe airworthiness testing

and prior to the simulated icing tests. The blades had 3u.4 total
operating hours and 15.3 flight hours accumulated to that point, There
was no change in the "C" scan recordings between that :ignature and the
zero time signature, thus verifying the daily “"coin" tap test indications.
To minimize flight time usage of the modified blades, they were removed
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for the fYerry tTligshts from Fidwanrds AFR (0 NMotes Take, Washiingeton, and

returti.  Dally "oole tup tests and vicual Liopestl 1 08 the Lindes vere
alao perforaed o ronitor bondineg intecrlty theo wtout the progra. o

provlens were experiet.cad or dicerepancies noted,

G, SUHER GEW O LCIALDAYD WS

I addition to * e tlede tropectione and we nentioned above, «llorew
installations were moenit »eod cloaely farines the test prosran, Lo
probler arens were Uoouir o ar T e ond P the tect e it W oren Dadle,

wher o p oot eiier s tropees D revended fhnt the none et e ooaduit
Stundpape wime palde that roated the delfcing wnd fnotrwent st wowiees
up threush the naln rotor Jhatt te the sllpreitges bar Palior ql the Loy
end and had teen in that condition fir w, anrnown omber 8 CLicht o e,
Tenriown wad lnopection chowed tos o the fnoutnt fon bt worn throaet sove=
eral ( the geleine wireg, atd Sonte frnotraeonty Don wires weprs aotynl iy
gevers i owt the tyube Sallure polnt, Uhers exp osep wires were civioaly
the souree (U jntemitternt shometoesround warnine Dottt fnatetions

and inctrumertat Don crousds that plasae b the Telng riisht teatine for
many of {ts hours.  Firure 10L chows the condition of the wiriug ua

found during the teardown fnopectiocn fnvestipcn lnge the tule fuliace.

Aanother creoblem fcund at the very conclusion of the progran was n
loss of torgque on the tall rotor retention nut. Desiyn ohwiges will
be raquired to preclude thls situation as well as the raln rotor wire

guide tube discussed above pirlor to wy further testing,

Wo otlier problem areas in the t. ., lastallations were fdentitieda, 7The
25=hour preventutive maintenance check (performed twice during the pro-
gram) shoved no problem with the ac generator drive or other new iustul-

lution aspects.

In addition to the visual inspertions of the generator and the main rotor

slipring installations, vibraticn plckups wvere rmounted on the units to

SOl
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check dynwmic characteristics., o problems were irdicated, ‘The results

i
‘ of the measurvnents are dlscussed {n other sections of this report.,
|

i G.3 BLADE HEATER WIKILG {

The maJor problem expericnced durine the proysran wus several occurrences
of short-to=ground electricnl wirln, failures in the power lines to the
blade heaters on the main rotor blade. A total of four "shori" tallures
vere experienced and one "open." All of the tallures were repuired

at the test site Ly the test crew with a mininum luss of wfireratt

availability time, Four of the failures occurred on one blude at blade n
station 83 in the area where the povwer leads pass under the inbourd edge i

of the steel erusiou chield, and the fifth fallure was at. blade station

o e i

202 ("6 inches from the blade tip). The fauilures are attributable to

design and manufacturing details that oan be corrected relatively easily

on future blade/heunter nuacemblieg, ]

-y

“nere are eleven flat brajded power lead: wnih :un along the upp-r blade
surface Trom the root enl cotnector to the blade heaters ut the outboard
zones. At the statlion 83 praduction break, ithe ¢« lever wires are rouced

under the steel erosion strip on thelr way out to the various heater

PR PP S

zones. The firct short to grownd occurred between wice lo. 2 (the secun?
from the last toward the traiiing edge ot the erosion shield) w d the
erosion saleld edge. It was detectod by the {ve protection systen'u fault
detection cirecuitry and displayed a pround fault warning light in the
cockpit. The failure was caused by a breakdown of the dielectric material
between the sharp edge ot the erosion shield and the wire braid., The
breakdown vccurred after 10.8 rlight hours and approximately 205 total

operatiny hours on the blades., Blade flexing in tlight apparently had

. caused the sharp edge of the inboard end of the steel erosion shield to
cut into the insulating material. When 30 volts of deicing elcctrical

fower was applied, arcing occurred.

A\ y
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Figure 105 shows thie external evidence of the failure. Repair was made by

trimming the corner of the steel erosion shield off and splicing in a

piece of braid to replace the burned section. No structural damage

|
E
|

to the basic blade was evident, The repaired area was covered with a

non-conductive potting adhesive to restore blade contour. ﬂ

The erosion shield edge is pressed hard against the dielectric material
during the heater/shield assembly bonding operation. It apparently

pressed harder than normal on th's one particular blade (the first flight

) heater assembly to be manufactured) because of the added thickness to

the wire braids due to the solder ~plice Joints of the power supply lead
wirec and the erosion shield/heater assembly wires. This undesirable con=
{ dition was noted on the first heater assembly and was changed by the deicer

manufacturer relncating the splice 1-1/2 inches furthes inboa: ~ and well

awgy from the edge of the erosion shield.

Two of the other failures on this blude and station were similar in ]

nature and cause. Figure 106 shows the external evidence ¢f a shoirt in
l the No. 1 wire (the end wire) which burned out approximately a l=-inch-
l long section of braid. Figure 107 shows the replacement braid ¢plice
soldered into place and the fiberglass cloth tape added undernea.h for
better insulation, This failure was apparently a soldered splice that
opened and caused the arcing across the gap. Figure 108 shows the

repaired area closed with sealing compouni.

] Figure 109 shows the strap of braided wires in the Station 81-83 area

after the outer insulation material was carefully removed to locate and

repair ancther "open" that was experienced. It was found that each of

the braids had a spliced-in section in this area and several of the solder

Joints were loose and/or questionable in addition to the one that initiated
the problem. All of the questionable solder joints were repaired, and
the area was covered over with a clear insulating and protective sealing

compound as a final repair.

203




. v T =

= e ey v e mmemem rrAemm e A AT B i - A R

b, ’

Figure 10k. Main Kotor Slipring Wiring Condition Found on Disassembly
Investigation of Wire Guide Tube Failure.

A

Figure 105. External Evidence of Wiring Short Failure No. 1,
Blade Station 83, Top Surface.
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Figure 107. Repair of Failure Showing Replacement Braid
Splice Section.
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Figure 108, Station 83 Repair Area Covered With Sealing
Compound and Ready for Further Flight.

i"
X
]
e 3
Figure 109. Station 80-83 Wiring Insulation Removed, Showing
Spliced Wires and "Open" Joint That Were Found.
: 206




The short at Station 262 was on a different blade and was on the underside
of the blade. This short wvas also betveen the wire draid and the erosion
shield. It was repaired by carefully removing a seaicircular piece of the
erosion shield at its trailing edge to uncover the braid. Physical evi-
dence indicated that the bdraid was jJust under the edge of the erosion
shield at this point instead of 1/8 inch in from the edge. This location
apparently permitted moisture to penetrate a pinhole in the epoxy and
fiberglass sinield fairing and provide a path to ground. Figure 110 chows
the repair area with the "sliver" of erosion shield removed thus exposing
the braid, Careful manufacturing indexing techniques will prevent mis-
location of the asssembly in future assemblies as well as precautions to
assure moisture sealing of any porosity in the shield/fairing Joint. )

‘ . . “ e
}
|
[
E
f

6.4 BLADE HEATER DIELECTRIC STRENGTH

In the process of the troubleshooting investigations of the blade wiring

short problems discussed in the previous paragraphs, meeasurements ot the

N

heater to blade/erosion shield dielectric integrity became routine. ‘the
results of these measurements showed a wide variation in dielectric
strength between the three main rotor blades used in the program and in
any one blade from time to time., It is hypothesized that this is due to
] moisture paths, admitting moisture into the blades. This is an area that
i wvarrants further investigation and action on a complete modified blade
assembly prior to further development testing.

ot

6.5 STABILIZER BAR HEATER ASSEMBLIES

The stabilizer bar is anti-iced (continuously heated), and its operation |
wvas checked i.ring the system functional tests. Its power density is ]

proportional to t.e generator voltage and, as discussed in Section 2,
is § vatt.s/in.2 at 200 volts. Operation was satisfactory at 160 and 200
r0lts. At 230 volts, however, one of the balance bar tip weight heaters

burned out during one of the ground runs. It is believed that the failure
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Figure 110. Station 262 Failure Area After Steel Shield
Material Was Removed. ]

vas a "simple" overheating of the part {Figure 111). The location of the
failure is surprising since the least cooling would occur at the inboard
end of the arm (least tangential velocity). Although the other parts
showed no visual damage, a "feel" inspectior indicates that there was
substantial sponginess in the rubber indicating that some outgassing had
occurred. As a precaution, all heating elements were then replaced. A
thermal analysis was then performed to establish temperature limits for

a thermostatic control system. This analysis showed tha +ihe heating
element could achieve a temperature cf approximately 600°F in dry air (the
wires are spaced approximately 3/16 inch apart). This compares to an

! allowvable temperature of approximately h25°F based upon the char properties
of rubber. An overheat control system should limit the heater element to
approximately 300°F (the sensing element would be .010" behind the heating

element, and the temperature differential at 230 volts is 130°F to the i
average temperature in the plane of the sensing element). It has also !
been concluded that an etched foil heating element design would be superior

and would have prevented the burnout.
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Figure 111. Stabilizer Bar Tip Weight -~ Failed Heater.

Operation with the second stabilizer bar heater assembly at Moses Lake
revegled that after a very short operating period, a honding separation
betveen the heater and the tip weight was experienced. This could have
contributed to the failure during the dry air ground tests but in any
case implies that an improved bonding material such as a hot bond as
opposed to the present cold bond should be used on future assemblier,

6.6 ELECTRICAL SYSTEM OPERATION

AC Electrical System

Incorporation of the ac electrical system in the UH=1H was accomplished
with a minimum impact on the normal helicopter operating procedure:z., The
electrical system, including the ac generator, the regulator and protec-

tion panel, ac generator/external power contactor, external ac powar

209
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monitor and ac bus, performed throughout the flight test program with
only a minor problem occurring in the reg.lator and protection panel.
Both the original flight regulator and protaction panel and the spare
unit developed a delay in energizing the ac bus after the engine had
come up to normal operating rpm. DBoth malfunctions occurred after
seversl hours of normal operation. Delays in energizing the ac bus
varied from 5 minutes for the spare unit to as long as 20 minutes for
the original flight unit. Subsequent lshoratory testing established
that the circuitry was temperature sensitive and would not actuate
belov 32°F. This pioblem has been corrected by the manufacturer.

Analysis of the ac elec’rical system performance showed satisfactory
coordination between aircraft-generated ac power and external ac power
and operation with a floating neutral. Further design resolution may be
required in the use of certain external power carts vhich connect their
ac system neutral to the control pins in the external ac power connector
through a relay coil. This feature ties the ac system neutral to the
aircraft's dc system (which uses the sircraft structure as dc return)
and consequently removes the floating neutral.

Pc formance of the dc electrical system proved to be satisrfactory through-
out the flight test program. Use of the starter-generator as dboth the
starter and the main dec gencrator required only minor modification to the
startup procedure and coordinated well with the transformer-rectifier as
the standby dc source. At light dc system loads, however, the dc generator
did not automatically pick up the dc bus from the transformer-rectifier
standby source. Tris feature can be corrected by slight design changes

to the standby source reverse-current relay circuit.

Ground tests were conducted using a load tank to evaluate the cooling
characteristics of the ac generator under varying electrical loads at
voltage levels of 160, 200 and 230 volts. Tuc ~~2ults of these tests are
presented in Figure 112 and indicate that the u. 'm temperature rise

210
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experienced vas 18°F. The maximum inflight temparature rise experienced
during this period of testing wvas 27°F. It would be expected that the
teuperature rise is proportional to the generator cutput instead of deing
almost independent. The measureé inlat temperature vas noted to dbe 20-
3o°r akove amdbient, and it r .y be that this reading for some reason is
too high.

No pruvlem nf overheating is expected wi-h such a small temperalure rise
during: operation under heavy load. The ac generator is rated for satis-
factory operation vith its outiet air temperature at 300°!‘. and no con~
dition of this type vili %e experienced during deicing system operation.

6.7 DLICING CONTPOL SYSTEM OPE:ATION

The basic design concwpt of the deicing control system proved to be effec~
tive {n satisfuntory deicing of the wain and tail rotors. Flexibility

in the operational chiracteristine 2° the system allowed adjustments of
the deicing energy ¢ ¢ made 7ary simply and quickly.

Several problems were encountered in the initial operation of the control
system. Most of these, however, wvere resolved during the early system
flight tests. The various types of syatem pmblems and erlfected corrections
vere:

Electromagnetic Intsrference (EMI)

Electiuvmagnetic interference and noise triggering of the control systems
nrotection circuits comprised the most prevalent malfunction. Unsuppressed
relays and other magnetic circuits in the basic UH-1H provided the basic
source of interference; however, some capacitive coupling frow the wind-
shield power vwires during switch-on of the windshields also occurred.

212
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Protection circuits most susceptidble to EMI were main and tail "open,"
main and tail "short,” and controller "fault.” All of these susceptible
circuits vere immunized to EMI from tue normal system operational sources
by the addition of ceramic bypass capacitora at key points in the circuit
cards of the control panel and deicing controller.

After addition of the bypass capacitors, no further EMI malfunctions
occurred until the mechanical failure of the wire guide tube i{nside of
the main rotor nmast was experienced at Moses Lake., Failure of the tube
caused chafing of the heater power wires to the main rotor blades and
stabilizer bar and resulted in intermittent shorts of phase voltage to
structure. This wvas indicated by flickering at the “heater ground”
light on the control panel. The intermittent faults to structure were
a nevw, stronger source of EMI and cause triggering of the controller
"fault ," main "short" and zone 6 shutoff circuits. Further addition of
bypass capacitors desensitized part of the suscertibility, but some still
remained at the end of the flight test program.

Controller Fault Overvoltage Sensing

Overvoltage protection in the control system (to shut the deicing system
off if the generated voltage were higher than that commanded by the
controller) tripped wvhen & new ac voltage regulator was installed and
the copilot's wipdshiela wess switched on. The protection circuit toler=-
ances were determined to be too tight for normal operation of the reg-
ulator and voltage variations due to unbalanced loading. The overvoltage
trip point wvas increased by 7 percent by chenging caiibration resistors
in the controller.
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7.0 FLIGNT TEST CONCLUSIONS AND RECOMMENDATIONS

3.

l.o

7-

An ac electrical system can easily be Irstulled on the UH=1H,

The fully heated pilot's and copilot's windshields provided
very effective anti-icing to the minimum flight test temperature
of ~u°F. The vindshield wiper travel, however, should be com=
patible with the heated area so that the blades do not stroke

over {ce beyond the heated aren. ,

No mein or tail rotor blade structural or dyvnamic problem was

encountered over any part of the rlight anvelope investigated.

Main rotor boost=cf'f control furces are reduced compared to u
standard UH«1H aircraft.

Engine power increases of 15 = 00 percent (trimmed level

flight) were noted due to feing of the main rotor blades

under simulated icing conditions created by the HISS tanker,

The ice bufldup is typical of that allowed betwcen deicing 1
cycles under natural icing conditions.

The main rotor blade deicing system controls ice shedding in u

manner that precludes perceptible vibration effects,

The rotor blade Geicing system appenrs to be capable of providiang
protection throughout the range of coentinuous maximum and
intermittent maximum icing condltions, aithough some noditficu=
tions of the heating element design muwy be desirable around 1
the production break at station 83 to assure complete deicing
inboard of that station at the extreme cold temperature

conditious.

No problems due to icing of the engine inlet screen or oilier

unprotected surfaces other than the battery vent and the R

vhip antenna were noted,

21h



10.

11.

13.

The Lattery vent should be relocated or redesipned, nnd the M
antenna should be relocated to prevent [t from seeikinge the
tail rotor due to ice buildup chanpging fts dynamiec response

or fatiguing the mounting.

The failures that occurred {n the matn rotor blude defeep
power feed lines were repairable in the fleld, ‘‘he fuilures,
however, do emphasize the need for the hishest deprec of
quuality control throughout the manutucturin provess to

assure reliability.

The dielectric strength of the main roter delcer assenbliean

(as measured at the cable connector) betwesn the heat ing

element and the blade deteriorated with tlime at Mouses lLake,

It is belicved that the problem {3 due to molature penetration

at some point(s) in the circult, It i3 recommended that humidity
testing be performed iv the laboratory to determine the cause

of the prcblem and thus erfect a permanent repair.

No problem was noted with the tail rotor deicers, and the
dielectric strength was measured at a minimum ol 500 megohms

(compared to a requirement of 3 megohms).

The timer/controller system performed well after the initisl
development bugs and EMI problems we:e eliminated, The tault
sensing provisions were extremely useful and accurate {n pro-

viding reliable fault indications.

The ac generator voltage regulator has some minor problems

which have been corrected.
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15.

Further flight testing In natural icing is required to evaluate
the effectiveness and necessity of an ice detector/icing
severity syctem and also to establish a recommendation on
system design. Both systems tested (the ultrasonic and the
infrared) had problems but offer promise,

The icing cloud generated behind the CH-UT HISS tanker was

too limited in size, particularly height, to achiecve an
adequately uniform cloud over the test ei-craft. Also, the
downwash generated by the tanker on the test aircraft resulted

in an increase in vibration, structural icads, and power

raquirements,
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